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What is TAU?

d

TAU is a performance evaluation tool
It supports parallel profiling and tracing toolkit

I

Profiling shows you how much (total) time was spent in each
routine

0 Tracing shows you when the events take place 1n each process
along a timeline

0 Profiling and tracing can measure time as well as hardware
performance counters from your CPU

0 TAU can automatically instrument your source code (routines,
loops, I/0, memory, phases, etc.)

TAU runs on all HPC platforms and it 1s free (BSD style license)
TAU has mstrumentation, measurement and analysis tools

I

0 Using TAU requires setting a couple of environment variables and
substituting the name of the compiler with a TAU shell script
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Part I: TAU: A Quick Reference

Using TAU: A Tutornal
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Using TAU: A brief Introduction

a3 To instrument source code using PDT
O Choose an appropriate TAU stub makefile in <arch>/lib:

% setenv TAU MAKEFILE
/usr/common/acts/TAU/tau_latest/ibm64/lib/Makefile.tau-mpi-pdt

% setenv TAU_OPTIONS ‘-optVerbose ...’ (see tau_compiler.sh)

And use tau 90.sh, tau cxx.sh or tau cc.sh as Fortran, C++ or C
compilers:
% mpif90 foo.f90

changes to
% tau {90.sh foo.f90

0 Execute application and analyze performance data:

% pprof (for text based profile display)
% paraprof (for GUI)
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TAU Measurement Configuration — Examples

% cd /usr/common/acts/TAU/tau-2.18.2p4/ibm64/1ib; 1s Makefile.*
Makefile.tau-pdt

Makefile.tau-mpi-pdt

Makefile.tau-papi-mpi-pdt

Makefile.tau-pthread-pdt

Makefile.tau-pthread-mpi-pdt

Makefile.tau-openmp-opari-pdt
Makefile.tau-openmp-opari-mpi-pdt
Makefile.tau-papi-openmp-opari-mpi-pdt

3 For an MPI+F90 application, you may want to start
with:
Makefile.tau-mpi-pdt

O Supports MPI instrumentation & PDT for automatic source instrumentation

O % setenv TAU MAKEFILE
/usr/common/acts/TAU/tau-2.18.2p4/ibm64/lib/Makefile.tau-mpi-pdt
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Usage Scenarios: Routine Level Profile

3 Goal: What routines account for the most time? How much?
0 Flat profile with wallclock time:

Metric: P_VIRTUAL_TIME
Value: Exclusive
Units: seconds

9647.318 | | LEQ_IKSWEEPT

4357.213 [ LEQ_BICGSOT
2669.887 [ | LEQ_MATVECT
1777.752 [ SOLVE_SPECIES_EQ
1417.986 [ | SOLVE_LIN_EQ
1028.448 [l PHYSICAL_PROP
783.402 [ | RRATES
682.376 [] LEQ_MSOLVET
530.858 [] INIT_AB_M
463.788 [ | CALC_MASS_FLUX_SPHR
446.025 [] INIT_MU_S
421.747 || CALC_RESID_S
381.363 [| SOLVE_ENERGY_EQ
371.199 [| SOURCE_PHI
258.829 E DRAG_GS
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Solution: Generating a flat profile with MPI

% setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile.tau-mpi-pdt

% set path=(/usr/common/acts/TAU/tau latest/ibm64/bin $path)
Or
% module load tau
% make F90=tau £90.sh
Or
% tau £90.sh matmult.f90 -o matmult
(Or edit Makefile and change F90=tau £f90.sh)
% gsub run. job
% paraprof
To view. To view the data locally on the workstation,
% paraprof -—-pack app.ppk
Move the app.ppk file to your desktop.
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Usage Scenarios: Loop Level Instrumentation

3 Goal: What loops account for the most time? How much?

a3 Flat profile with wallclock time with loop instrumentation:

Metric: GET_TIME_OF_DAY
Value: Exclusive
Lnits: microseconds

1729975.333 | | Loop: MULTIPLY_MATRICES [{matmult.f20} {31,9}-{36,14}]
443194 I MP1_Recv()
81095 [ ] MAIN
49569 [ MPI_Bcast()
45669 [] Loop: MAIN [{matmult f20} {86,9}-{106,14}]
12412 | MPI_Send()
8959 | Loop: INITIALIZE [{matmult.f20} {17,9}-{21,14}]
8953 | Loop: INITIALIZE [{matmult.f20} {10,9}-{14,14}]
5609.2 | MPI_Finalize()
2932.667 | MULTIPLY_MATRICES
2677.667 | Loop: MAIN [{matmult f90} {117,9}-{128,14}]
2091.8 | MPI_Barrier()
1875.667 | Loop: MAIN [{matmult f90} {112,9}-{115,14}]
1833 | Loop: MAIN [{matmult f90} {71,9}-{74.14]]
107 | Loop: MAIN [{matmult 90} {77 9}-{84 ,14}]
30 | INITIALIZE
14.25 | MPI_Comm_rank{)
1 | MPI_Comm_size()
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Solution: Generating a loop level profile

% setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile. tau-mpi-pdt

setenv TAU OPTIONS ‘'-optTauSelectFile=select.tau -optVerbose’

o°

oe

cat select. tau

BEGIN INSTRUMENT SECTION
loops routine=“§#"

END INSTRUMENT SECTION

% module load tau
% make F90=tau £90.sh
(Or edit Makefile and change F90=tau £f90.sh)
% gsub run.job
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
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Usage Scenarios: MFlops in Loops

3 Goal: What MFlops am I getting 1n all loops?

0 Flat profile with PAPI FP INS/OPS and time (-
multiplecounters) with loop instrumentation:

Metric: PAPI_FP_INS / GET_TIME_OF_DAY
Value: Exclusive
Units: Derived metric shown in microseconds format

770.699 | Loop: MULTIPLY_MATRICES [{matmult fa0} {31,9}-{36,14}]
22339 Loop: INITIALIZE [{matmult.f90} {10,9}-{14,14}]
223.24 Loop: INITIALIZE [{matmult.f90} {17 9}-{21,14}]
171.855 Loop: MAIN [{matmult f90} {71,9}-{74,14]]
170.862 Loop: MAIN [{matmult f90} {112,9+{115,14}]

122.96 Loop: MAIN [{matmult.f90} {117,9}-{128,14}]
37.549 || MULTIPLY_MATRICES
21.367 [ INITIALIZE
13.795 [ Loop: MAIN [{matmult a0} {86,9}-{106,14}]
11 [] MPI_Comm_size()
8.935 | Loop: MAIN [{matmult f20} {77,9}-{84,14}]
1.131 | MPI_Sendy)
0.794 | MPI_Comm_rank{
0.647 | MPI_Bcast()
0.355 | MPI_Recv()
0.171 | MPI_Barrier()

0.115 | MPI_Finalize()
0.023 | MAIN
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Generate a PAPI profile with 2 or more counters

% setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile. tau-papi-mpi-pdt
% setenv TAU OPTIONS ‘-optTauSelectFile=select.tau -optVerbose’
% cat select. tau
BEGIN INSTRUMENT SECTION
loops routine=“§#"
END INSTRUMENT SECTION

% make F90=tau £90.sh
(Or edit Makefile and change F90=tau £f90.sh)
% setenv TAU METRICS TIME:PAPI FP INS
% gsub run.job
% paraprof -—-pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
Choose Options -> Show Derived Panel -> Arg 1 = PAPI FP INS,
Arg 2 = GET _TIME OF DAY, Operation = Divide -> Apply, choose.

http://tau.uoregon.edu TAU
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Usage Scenarios: Compiler-based Instrumentation

O  Goal: Easily generate routine level performance data using the compiler instead of PDT
for parsing the source code

http://tau.uoregon.edu

806 % TAU: ParaProf: Mean Data - /home/sameer/workshop/NPB3.1/bin
File Options Windows Help

Metric: Time
Value: Exclusive percent

34.822% | | rhs_ =
13.209% [ jacld_
11.823% ] jacu,
11.639% I—m) buts_
1598 o ] bhs_
5.325% I ssOr_
3.656% MPI_InitQ
2.626% MPI_Recv(
1.994% MPI_Send{
1.363% [l MPI_Waitd)
0.898% [] exchange_3_
0.411% [@ exchange_1_
0.284% [] setiv_
0.156% | erhs_
0.095% | exact_
0.023% | MPI_Finalize(
0.022% | 12norm_
0.021% | error_
0.009% | MPI_Allreduce(
0.008% | sethv_
0.007% | MPLIrecv(
0.003% | MPI_Bcast(
0.003% | print_results_
0.002% | init_comm_
0.002% | verify_
9.0E-4% | read_input_
7.6E-4% | pintgr_
4.BE-4% | MAIN__
4.8E-5% | MPI_Barrier(
4.BE-5% | timer_start_
3.4E-5% | exchange_4_
3.1E-5% | bcast_inputs_
2.0E-5% | MPI_Comm_rank{
1L.7E-5% | nodedim_
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Use Compiler-Based Instrumentation

o

setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile.tau-mpi-pdt

setenv TAU OPTIONS ‘-optCompInst —-optVerbose’
module load tau

make F90=tau £90.sh

(Or edit Makefile and change F90=tau £90.sh)

e o

o

% gsub run.job
% paraprof --pack app.ppk

Move the app.ppk file to your desktop.
% paraprof app.ppk

http://tau.uoregon.edu TAU
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Usage Scenarios: Generating Callpath Profile

3 Goal: Who calls my MPI Barrier()? Where?
0d Callpath profile for a given callpath depth:

X n,ct, 0,0,0 - callpath-all/scaling/flash/taudata/disk2 /mnt/
File Options Windows Help

Metric Name: Time
Walue Type: exclusive

26.474% | | MODULEHYDROSWEEP:HYDRO_SWEEP
26.474% | |FLASH =3> EVOLVE =3 HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP
24.556% NN M 0D ULEHYDRO_1D:HYDRO_1D
24.556% NN F|ASH = EVOLVE => HYDROzHYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP
14.351% [ | MODULEINTRFC:INTRFC
14.351% [ FLASH = > EVOLVE == HYDRO:HYDRO_3D = > MODULEHYDROSWEEP:HYDRO_SWEEP
4.501% [ MODULEEOS 3D:E0S3D
4.427% ] MPI_Ssend{
3.678% ] FLASH =: EVOLVE = HYDRO:HYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP
3.536% I MPI_Allreduced
2.727% I MPI_Waitallg
2.242% [ ] MODULEUPDATE_SOLN:UPDATE_SOLN
2.242% I FLASH =:> EVOLVE =:> HYDRO:HYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP
2.059% [] AMR_GUARDCELL_CC_SRL
1.703% [ FLASH =-> EVOLVE =-: HYDROzHYDRO_3D - MODULEHYDROSWEEP:HYDRO_SWEEP
1.56% M FLASH => EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP
1.406% [l FLASH => EVOLVE => MESH_UPDATE_GRID_REFINEMENT = > MESH_REFINE_DEREFINE
1.361% [ FLASH => TIMESTEP =3 MPI_Allreduceq
1.319% [ AMR_RESTRICT_UNK_FLIN
1.272% ] AMR_PROLONG_GEN_UNK_FUN
1.093% [JFLASH => EVOLVE =3> HYDROzHYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP
1.077% [J ABUNDANCE_RESTRICT
1.077% [ FLASH =3 EVOLVE = HYDRO:HYDRO_3D = > MODULEHYDROSWEEP:HYDRO_SWEEP
1.064% [ DRASETREE:DEASENEIGHEORELOCKLIST
1% O FLASH => EVOLVE =3> HYDROZHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP
0.987% [ FLASH => EVOLVE =3 HYDROzHYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP
0.96% [ FLASH =3 EVOLVE = HYDRO:HYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP
0.916% [ MPI_Barriery
0.807% M FLASH => EVOLVE =-: HYDRO:HYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP
0.806% [ AMR_PROLONG_LINK_FUN
0.735% [l AMR_DIAGONAL_PATCH
0.699% [] DIFFUSE
0.699% [l FLASH =3 EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP
0.671% [l AMR_RESTRICT_RED
0.671% [l FLASH = EVOLVE = HYDRO:HYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP
0.657% [ FLASH =3 EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP

=> MODULEHYDRO_1D:HYDRO_1D

=» MODULEHYDRO_1D:HYDRO_1D = > MODULEINTRFC:INT

== MODULEEOS3D:EOQS3D

== MODULEUPDATE SOLN:UPDATE SOLN
== MESH_GUARDCELL = > AMR_GUARDCELL SRL => AMR_

= MESH_GUARDCELL =: AMR_GUARDCELL SRL =:> AMR_
= > AMR_REFINE_DEREFINE = > AMR_MORTOMN_ORDER == ;

== MESH_GUARDCELL =:> AMR_GUARDCELL_ C.TO_F == A
= ABUNDANCE_RESTRICT

=z MESH_GUARDCELL =3> AMR_RESTRICT =: AMR_RESTRIl
== MESH_FLUX_CONSERVE = > AMR_FLUX_CONSERVE_UDT
== MESH_GUARDCELL = AMR_GUARDCELL_C_.TO_F == A

=>= MESH_GUARDCELL =:> TOT_BND =3 DEASETREE:DEAS

== DIFFUSE

=> MESH_FLUX_CONSERVE = > AMR_FLUX_CONSERVE_UDT
=z MESH_GUARDCELL => AMR_GUARDCELL_SRL =3> AMR_

0.638% [ FLASH =3 EVOLVE =3 MESH_UPDATE_GRID_REFINEMENT = 3> MARK_GRID_REFINEMENT = MPI_Barriery

0.61% [ FLASH => EVOLVE = HYDRO:HYDRO_3D = MODULEHYDROSWEEP:HYDRO_SWEEP

0.556% I FLASH => EVOLVE =3 HYDROzHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP
0.508% [ TOT_BND

http://tau.uoregon.edu TAU

0.454% [ FLASH => EVOLVE = > MESH_UPDATE_GRID_REFINEMENT = MARK_GRID_REFINEMENT

== MESH_GUARDCELL =:> AMR_GUARDCELL_ C.TO_F == A
=z MESH_GUARDCELL =3> AMR_GUARDCELL_C_.TO_F => A

== MODULEEOS3D::EOS3D -
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Callpath Profile

0 Generates program callgraph

eae6 Call Graph for n,c,t, 0,0,0 - tmp/private/

File Options Windows Help

EINEETET] £10 (sleeps 1 sec, calls £2, f4)

f4() (sleeps 4 sec, calls f2)|

f20) (sleeps 2 sec, calls 3)|

f3() (sleeps 3 sec)

http://tau.uoregon.edu TAU
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Generate a Callpath Profile

% setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile. tau-mpi-pdt

% set path=(/usr/common/acts/TAU/tau latest/ibm64/bin $path)
% make F90=tau £90.sh

(Or edit Makefile and change F90=tau £f90.sh)

setenv TAU CALLPATH 1

setenv TAU CALLPATH DEPTH 100

%
%

% gsub run. job
% paraprof -—-pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
(Windows -> Thread -> Call Graph)

http://tau.uoregon.edu TAU
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Usage Scenario: Detect Memory Leaks

File Windows Help

TAL: ParaProf: Mean Context Events - mem.ppk

Marne & Mumsamples | Maxvaue | Minvaue | Meanvaue | Std Dew
¢ MAIN [{fmatrix.f90} {141,7}-{146,22}]

¢ MATRICES:zALLOCATE_MATRICES [{matrix.f90} {10,7}-{13,38}]
MEMORY LEAK! malloc size =file=matrix.f30, variable=C, line=11= 1 8000000 8000000 8000000 0
malloc size =file=matrix.f20, variable=4, line=11= 1 8000000 8,000,000 §000000 0
malloc size <file=matrix.f90, variable=E, line=11= 1 8000000 8000000 8000000 0
malloc size <file=matrix.f90, variable=C, line=11= 1 8000000 8000000 8000000 0

¢ MATRICES:DEALLOCATE_MATRICES [{matrix.f90} {14,7}-{17,40}]
free size =file=matrix.f90, variable=A, line=15:> 8,000,000 8,000,000 8,000,000 0
free size =file=matrix.f90, variable=E, line=15= 8,000,000 8,000,000 §000,000 0

T

User Event Window: mem.ppk
File ©Options Windows Help

[fmatrix. a0} {10, 71-{13,251]
YWalue Twioe: Max Walue

Marne: MEMORY LEAR] malloc size <file=matrix. 20, variable=C, line=11> : MAIN [matrix. 203 {141, 71-{14&,22}]

= MATRICES ALLOCATE_MATRICES

-yopbpppgee———————,,,mmmmm,,,,,,,,,,,,,,__—e—_e_e_e__TTTTTT Ly
8000000 ST 1, C,E 0,0,0
8000000 eSS 1, C,E 1,0,0
8000000 eSS 1, C,E 2,00
B000000 | 1, C,E 3,0,0
0 | 5td. Dev.

http://tau.uoregon.edu TAU
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Detect Memory Leaks

o

setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé4
/lib/Makefile.tau-mpi-pdt

setenv TAU OPTIONS ‘-optDetectMemoryLeaks -optVerbose’
module load tau

make F90=tau £90.sh

(Or edit Makefile and change F90=tau £90.sh)

% setenv TAU CALLPATH DEPTH 100

e o°

o

% gsub run.job
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
(Windows -> Thread -> Context Event Window -> Select thread -> select...
expand tree)
(Windows -> Thread -> User Event Bar Chart -> right click LEAK

-> Show User Event Bar Chart)

http://tau.uoregon.edu TAU
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Usage Scenarios: Mixed Python+F90+C+pyMPI

3 Goal: Generate multi-level instrumentation for Python+MPI+. ..

File Options Windows Help

n,c,t 0,0,0 - scipy/taudata/rs/sameer/Users/

Metric: Time

Value: Exclusive percent

31.656% |

| write_array [/usr/lib/python2.4/site-packages/Gnuplot/utils.py, line=46]

26.056% n—— ’ [<string>, line=1]
13.3% write
5.402% __init__ [fusr/lib/python2.4/site-packages/Gnuplot/Plotitems.py, line=430]

4.561% [ |

tolist

2.954% [_| start_new_thread
0.98% [ join [/usr/lib/python2.4/string.py, line=308]
0.94% [] choice [/usr/lib/python2.4/random.py, line=247]
0.803% [] popen
0.777% [ next [/usr/lib/python2.4/tempfile.py, line=127]

0.759% ||
0.561% |
0.493%
0.491%
0.42%
0.414% |
0.384% |
0.378%
0.341%
0.339%
0.334%
0.319%
0.297% |
0.295% |

__call__ [/usr/lib/python2.4/site-packages/Gnuplot/_Gnuplot.py, line=192]
Data [/usr/lib/python2.4/site-packages/Gnuplot/Plotltems.py, line=476]

get_command_option_string [/usr/lib/python2.4/site-packages/Gnuplot/Plotitems.py, line=177]
len

OurMain [hi.py, line=8]

get

apply

normpath [/usr/lib/python2.4/posixpath.py, line=374]

seed [/usr/lib/python2.4/random.py, line=98§]

mktemp [/usr/lib/python2.4/tempfile.py, line=337]

start [/usr/lib/python2.4/threading.py, line=408]

_get_default_tempdir [/usr/lib/python2.4/tempfile.py, line=176]

urandom [/usr/lib/python2.4/0s.py, line=711]

refresh [/usr/lib/python2.4/site-packages/Gnuplot/_Gnuplot.py, line=206]

http://tau.uoregon.edu
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Generate a Multi-Language Profile w/ Python

$ setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile. tau-python-mpi-pdt

$ set path=(/usr/common/acts/TAU/tau latest/ibm64/bin $path)
% setenv TAU OPTIONS ‘-optShared -optVerbose..’
(Python needs shared object based TAU library)
$ make F90=tau £90.sh CXX=tau cxx.sh CC=tau cc.sh (build pyMPI w/TAU)
% cat wrapper.py

import tau

def OurMain () :

import

tau.run(‘OurMain()’)
Uninstrumented:
% poe <dir>/pyMPI-2.4b4/bin/pyMPI ./ .py -procs 4
Instrumented:
% setenv PYTHONPATH <taudir>/ibm64/l1ib/bindings-python-mpi-pdt-pgi
(same options string as TAU MAKEFILE)

setenv LD LIBRARY PATH <taudir>/ibm64/lib/bindings-icpc-python-mpi-pdt-
pgi\:$LD LIBRARY PATH

% poe <dir>/pyMPI-2.4b4-TAU/bin/pyMPI ./wrapper.py —-procs 4
(Instrumented pyMPI with wrapper.py)

http://tau.uoregon.edu TAU
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#

Usage Scenarios: Generating a Trace File

# #

#

#

0 Goal: What happens in my code at a given time? When?

3 Event trace visualized in Vampir/Jumpshot

[aNaXal

node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
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thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread

QOO0 000000

COOO0OCOOVOCOO0OOO0OCO00LCO0OLCOOOLOO0OCOOOOCOOOOCODOOC0O0O00

APT_flltoalld{}

X! Vampir NG - Timeline

YINVT 58 110
YINVT MPT_Alltoall (3 110
YINVT MPI_Alltoall() 110
YINVT MPI_Alltoail{) 110
YINVT MPI_Alltosll{) 110
YINVT 58 110
YINVT MPI_Alltoall{} 110
YINVT MPI_Alltoal) () 110
YINVT 58 58 110
YINVT MPI_Alltoall () 11¢
YINVT MPI_Alltoall{} 110
YINVT 58 58 11¢
YINVT MPI_Alltoall(} 110
MPI_Alltoall{) 110

. e o 58 58 110

X/ Vampir NG - Identified Activity HPT Alitoall(} 110

node 0, thread © 58 110

MPI_Alltoall() (58) MPI_Alltoall () 1i1¢

MPI (S5) 58 58 110

Interval 6.152 s — 6,994 s MPT_Alltoall () 110
Duration 0.842 s B3t ]
.. * MPI_Alltoall() 110

Next Activity 6.994 s — 6,994 s HPT AIltcall() 110
MPI_Alltoall() 110

Previous Activity: 6.151 s — 6.151 s o8 58 1i1¢
MPI_ALltoall() 110

MPI_Alltoall(} 110

o= 58 58 iio

TANY | MPI_Alltcall() 1i¢
YINVT MPI_Alltoall{} 110
YINVT 58 %8 110
YINVT MPI_Alltoall() 110
YINVT MPI_Alltoall{) 110
YINVT MPI_Alltoall() 110
YINVT MPI_Alltoall() 110
YINVT MPI_Alltoall(} 110
YINVT MPT_Alltoall() 110
YINVT MPI_Alltcall() 110
YINVT MPI_Alltoall () 110
YINVT MPI_Alltoali() 110
YINVT 58 58 110
YINVT MPI_Alltoall(} 110
YINVT MPT_Alltozll() 11¢
YINVT 58 58 110
YINVT MPI_Alltoall () 11¢
YINVT MPI_Alltoal}(} 110
YINVT 58 58 110
YINVT 58 110
YINVT 58 110
YINVT 58 110
YINVT 58 110
YINVT MPI_Alltocall{) 110
YINVT MPI_Alltoall () 110
YINVT MPI_Alltoall{) 110
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VNG Process Timeline with PAPI Counters

X Vampir NG - Process Timeline
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Vampir Counter Timeline Showing 1/0 BW

app.otf (1,027 s - 1,416 s = 0,389 =)
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Generate a Trace File

% setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile. tau-mpi-pdt

% set path=(/usr/common/acts/TAU/tau latest/ibm64/bin $path)
% make F90=tau £90.sh
(Or edit Makefile and change F90=tau £f90.sh)
% setenv TAU TRACE 1
% gsub run.job
% tau_ treemerge.pl
(merges binary traces to create tau.trc and tau.edf files)
JUMPSHOT :
% tau2slog2 tau.trc tau.edf -o app.slog2
% jumpshot app.slog2
OR
VAMPIR:
% tauZ2otf tau.trc tau.edf app.otf -n 4 -z
(4 streams, compressed output trace)
% vampir app.otf
(or vng client with vngd server).

http://tau.uoregon.edu TAU
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Usage Scenarios: Evaluate Scalability

O  Goal: How does my application scale? What bottlenecks at what cpu counts?
0  Load profiles in PerfDMF database and examine with PerfExplorer

000 X! TAU/PerfExplorer: Total Runtime Breakdown

000 %| TAU/PerfExplorer: Relative Speedup AT

File Help Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

Relative Speedup - S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

12,000 £
s 7
E
11,000 -4
Z 6
8
10,000 2
‘s
9,000 o
>
8
=
8,000 g
&
o 7000
=
£ 6,000
5,000 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,0
Number of Processors
4,000
B DERIVATIVE_X_COMM [(derivative_x.pp.fo0} (53,141 M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} (374,31-(386,7]]
3 000 ™ Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} [432,10]-(441,15)] ~ Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {566, 19}-(589,24}]
{ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.fo0} {43 1,10}-{440,15}]] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435, 10}-(444,15}]
2 000 Loop: INTEGRATE [fintegrate_erk.pp.f90}{73,31-(93,13]1 " Loop: RHSF [(rhsf.pp.f90} {209,3)-(211,7}] M Loop: RHSF [irhsf.pp.f90} {515,3}-{535,16}]
. B Loop: RHSF [(rhsf.pp.f90) {537,3]-(543,16]] M Loop: RHSF [irhsf.pp.fo0} {545,3)~(551,16}]
oL i M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} [ 127,51-(129,9]
. Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [ithermchem_m.pp.f90} {506,3)-(512,8}]
T M Loop: THERMCHEM_M::CALC_TEMP [ithermchem _m.pp.f90} {175,5)-(2 16,91
™ Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [fmixavg _transport_m.pp.f90} {492,5)-{520,9]]
0 1,000 2,000 3,000 4,000 5000 6,000 7,000 8,000 9,000 10,000 11,000 12,000

M Loop: TRANSPORT_M:

OMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,51-{790,19}]
Mumber of Processors W Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}]

M Loop: VARIABLES_M::GET_MASS_FRAC [ivariables_m.pp.f90} {96,3)-(99,7}] ™ MPI_Comm_compare0 ~ MPI_Wait(

W Harness Scaling Study @ ideal | i 1 READWRITE_SAVEFILE_DATA [{io.pp.f90}{544,14}] " RHSF [(rhsf.pp.f90}{1,12)] ' WRITE_SAVEFILE [{io.pp.f90}{240,14}] M other
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Usage Scenarios: Evaluate Scalability

Number of Processors

4096

6400

8000

512

1728

Total LINUX_TIME Bar Chart for S3D Jaguar CNL:Scaling

LINUX_TIMERS
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

64

Loop:

Loop:
N Loop:
¥ Loop:
B Loop:
W Loop:
B Loop:
W MPI_Barrier{) =~ MPI_Isend() ™ MPI_Wait() ™ RHSF © other

W DERIVATIVE_X_COMM M DERIVATIVE_Y_COMM W Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f20} {457,3}-{471,8}]

DERIVATIVE_X_CALC [{derivative_x.pp.f30} {432,10}-{441,15}] ™ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}]

DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}] © Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}] ™ Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}]
RHSF [{rhsf.pp.f90} {515,3}-{535,16}] M Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}] M Loop: RHSF [{rhsf.pp.fo0} {545,3}-{551,16}]
THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}] M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f0} {492,5}-{520,9}]

TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}]

TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.fa0} {630,5}-{656,19}] M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]

http://tau.uoregon.edu TAU
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Performance Regression Testing

FACETS Bassi Regression: 32 Procs (events above 2%)

80 1
70 1

60 1

Exclusive Time (seconds)

- int main(int, char **) -e-std::vector<double, std::allocator<double> > FcCoreCellUpdate...
-4 void FcTmCoreFluxCalc:: computeFluxes() - MFPI_Recv()

double FcDataAssimilator::getValue(const std::string &, cons... MPI_Init()
~= FCHAfSTmpl<DATATYFPE > :writeDataSet

void FcDataAssimilatorUfiles::parselfiles(const std:;vector<...

void FcUpdaterComponent:: dumpToFile(const std::string &) con... -« other

http://tau.uoregon.edu TAU
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Evaluate Scalability using PerfExplorer Charts

% setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile. tau-mpi-pdt

% set path=(/usr/common/acts/TAU/tau latest/ibm64/bin $path)
% make F90=tau £90.sh

(Or edit Makefile and change F90=tau £f90.sh)

% gsub runlp.job

% paraprof --pack 1lp.ppk

% gsub run2p.job ..

% paraprof --pack 2p.ppk .. and so on.

On your client:

% perfdmf configure

(Choose derby, blank user/passwd, yes to save passwd, defaults)
% perfexplorer configure

(Yes to load schema, defaults)

% paraprof

(load each trial: DB -> Add Trial -> Type (Paraprof Packed
Profile) -> OK)

% perfexplorer
(Charts -> Speedup)

http://tau.uoregon.edu TAU
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Communication Matrix Display

0 Goal: What is the volume of inter-process communication? Along which calling path?

http://tau.uoregon.edu

78 oo
File Windows Help

X| Message Size Heat Maps

SENDER

16383 |4

TOTAL VOLUME BYTES

All Paths
RECEIVER

16383

Callpath:

All Paths

Dataset:

TOTAL YOLUME BYTES

DISPLAY OPTIONS

-

-

7480
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Evaluate Scalability using PerfExplorer Charts

% setenv TAU MAKEFILE /usr/common/acts/TAU/tau latest/ibmé64
/lib/Makefile. tau-mpi-pdt

% module load tau

% make F90=tau £f90.sh

(Or edit Makefile and change F90=tau_ £90.sh)
% setenv TAU _COMM MATRIX 1

% gsub run.job (setting the environment variables)

% paraprof
(Windows -> Communication Matrix)

http://tau.uoregon.edu T A% 1
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Communication Matrix Display

O  Goal: What is the volume of inter-process communication? Along which calling path?

‘@00 % Message Size Heat Maps

File Windows Help

TOTAL VOLUME BYTES

All Paths
RECEIVER

16383

DISPLAY OPTIONS

Callpath:

All Paths -
Dataset:

TOTAL YOLUME BYTES hd

SENDER

16383 |4

1482
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Evaluate Scalability using PerfExplorer Charts

% setenv TAU MAKEFILE
/lib/Makefile. tau-mpi-pdt
% set path=(~sameer/pkgs/tau latest/x86 64/bin $path)
% make F90=tau £f90.sh
(Or edit Makefile and change F90=tau_ £90.sh)
% setenv TAU COMM MATRIX 1

% gsub run.job (setting the environment variables)

% paraprof
(Windows -> Communication Matrix)

http://tau.uoregon.edu T A% 3
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Part II: Rest of the talk

The Details...

http://tau.uoregon.edu TAU
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Performance Tools FAQ/Concerns

O

O

a

a

Does it automatically instrument my code? At the routine level? At the outer-
loop level?

Can it show me where time 1s spent in my code? PAPI Flops? L1 data cache
misses? Can I measure more than one quantity in a trial?

Does the tool support profiling (runtime summarization) as well as tracing
(time-line based displays)? What about profile snapshots? Callpath (parent-
child) profiles? Can I use it to easily benchmark codes?

Can I observe the performance data at runtime as the application executes?

Can it show me memory utilization? Memory leaks? Mallocs/frees? When and
where?

What about I/0O? Can I observe bandwidth of reads/writes? Volume of I/O?
What about Kernel events? User space+Kernel?

What is the typical overhead? Can I reduce it to < 5%? < 1%? Can it
compensate and remove timer overhead from performance data? Can it throttle
away instrumentation in lightweight routines at runtime to reduce overhead?

I already have profile data from <XYZ> tool. Can it import my legacy data?

I prefer <XYZ> performance tool for visualization. Can it hook up with this
tool? Are there converters?
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Performance Tools FAQ/Concerns (contd.)

O

Qaaaaaag a

a

Can I use 1t for multi-core CPUs? Compare the performance of application
running on a single vs. multi-core processor? Can I observe multi-core data
snoops, invalidates?

Can I share the performance data with my colleagues in a secure manner
(web/database)? Can it automatically track progress of my application over time
(~ 6 mos)? Can I use 1t for scalability studies? Over multiple platforms?

Are the GUI client tools available under Linux? MS Windows? Apple?

Does it run on all Cray, IBM, SGI, HP ... platforms? CNL? Catamount?

Does it support MPI? MPI2? Threads? Hybrid MPI+Pthreads/MPI+OpenMP?
Does it support Fortran? C++, C? Java? Python? Python+MPI+F90+C++...?
Does it support Intel/PGI/PathScale/IBM/Cray/Sun compilers?

Are tools available in command-line form & GUI? IDE GUI? Web-based? 3D?

Is it already installed and supported on my HPC system? What about systems at
NERSC? ANL? LLNL? LANL? NASA? DoD? NSF sites?...

Is there support (phone/e-mail) available for the tool? Professional support? For
instrumentation? Analysis?

Will it work on the new <XYZ> HPC platform scheduled for release six months
from now?

Is 1t free? BSD license? ...
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Performance Evaluation

3 Profiling

O Presents summary statistics of performance metrics
» number of times a routine was invoked
> exclusive, inclusive time/hpm counts spent executing it
» number of instrumented child routines invoked, etc.
> structure of invocations (calltrees/callgraphs)
» memory, message communication sizes also tracked

0 Tracing

O Presents when and where events took place along a global
timeline
> timestamped log of events
» message communication events (sends/receives) are tracked
® shows when and where messages were sent

> large volume of performance data generated leads to more
perturbation in the program
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Definitions — Profiling

3 Profiling
O Recording of summary information during execution
» Inclusive, exclusive time, # calls, hardware statistics, ...

O Reflects performance behavior of program entities
» functions, loops, basic blocks
» user-defined “‘semantic’ entities

O Very good for low-cost performance assessment
O Helps to expose performance bottlenecks and hotspots

O Implemented through
» sampling: periodic OS interrupts or hardware counter traps
» Instrumentation: direct insertion of measurement code

http://tau.uoregon.edu TAU 38



Definitions — Tracing

3 Tracing

O Recording of information about significant points (events)
during program execution
» entering/exiting code region (function, loop, block, ...)
» thread/process interactions (e.g., send/receive message)

O Save information 1n event record

> timestamp
» CPU 1dentifier, thread 1dentifier
> Event type and event-specific information

O Event trace 1s a time-sequenced stream of event records
O Can be used to reconstruct dynamic program behavior
O Typically requires code instrumentation

http://tau.uoregon.edu TAU 39



Event Tracing: Instrumentation, Monitor, Trace

Event definition

CPU A: \/\\ .

void master { _ ) 1 | master
trace(ENTER, 1); X, ~ 2 | worker
79\

trace(SEND, B); 3

send(B, tag, buf); \ ltimestamp

trace(EXIT, 1);

}

MONITOR | = [5g] Ao [ ENTER | 1

CPU B- 60| B | ENTER | 2
void worker { 62| A | SEND B
trace(ENTER, 2); 6al A | EXIT ]
recv(A, tag, buf); 68| B | RECV A
trace(RECV, A);

69| B | EXIT 2
trace(EXIT, 2);

}

http://tau.uoregon.edu TAU



Event Tracing: “Timeline” Visualization

1 | master

2 | worker

3

58| A| ENTER] 1
60| B | ENTER] 2
62| A| SEND | B
64| A | EXIT 1
68| B| RECV | A
69| B | EXIT 2

http://tau.uoregon.edu

main
master
worker

58 60 62 64 66 68 70
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TAU Performance System Project

0 Tuning and Analysis Utilities (15+ year project effort)

O Performance system framework for HPC systems
O Integrated, scalable, and flexible
O Target parallel programming paradigms

0 Integrated toolkit for performance problem solving
O Instrumentation, measurement, analysis, and visualization
O Portable performance profiling and tracing facility

O Performance data management and data mining

3 Partners

O LLNL, ANL, LANL
O Research Centre Jilich, TU Dresden

http://tau.uoregon.edu TAU 42



TAU Parallel Performance System Goals

O Portable (open source) parallel performance system
O Computer system architectures and operating systems

O Daifferent programming languages and compilers
0 Multi-level, multi-language performance instrumentation
O Flexible and configurable performance measurement

3 Support for multiple parallel programming paradigms

O Multi-threading, message passing, mixed-mode, hybrid,
object oriented (generic), component-based

3 Support for performance mapping
O Integration of leading performance technology
O Scalable (very large) parallel performance analysis
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TAU Performance System Components

TAU Architecture

Program Analysis Performance Data Mining

Scripting Interface

Application
/ Library

Instrumentation

~_ C/C++ Fortran parser '_ Program
elvm?I - souree object library binary virtual parser F77/90/95 L] documentation PerfExplorer Compenent Interfaces
selection code code wrapper code machine -
— — P o inf::rz[altiun *ﬁ Application I Analysis Components Data Components
MEASUREMENT API component glue

C++/ F90/95
interoperability

C/C++ Fortran
Measurement IL analyzer ' IL analyzer

Engine es

ormanc ntn
Data ]

Event creation and management
event entry/exit atomic event event
identifier events events mapping control
Profiling Tracing

. atomic entry/exit trace record trace

I statistics I I profiles I I profiles I Ibufferj.ngl I creation /O

phase o profile timestamp trace trace

files rofiles samplin, eneration filterin mergin,

Program
Database
Files

N— Automatic source
instrumentation

PerfExplorer

Analysis Components

TAU Performance System Performance Analysis Programs

\\
Performance data sources OS and runtime system modules profile l Ferf;::v:nc " '.l
h metadata T L}
' —_— Matadata |
S eta Data Mini '
[Data Mining ata Mining ‘.
! 8. vt -'
~ s { Statistics | Aesulls
i
gprof v
N . B?pw (R / Omega) o
:.‘ - i Knawiedge
+ HPMoolkit + [ Java PerfoMF API 1 \ e

(SQL (PosteresQL, MySOL, DB2, Oracle))

— ' I formatted

profile data =" [ X X ]

~ XML Dﬂ !
event .| Instrumentation /‘evem document N
selection ~._ ) information . !

N f N Call Graphs § Hist Call T
Profile Data Management (PerfDMF) Trace Data Management —— e istograms 5 rees

Profiles

TAU, mpiP, ompP,
HPMToolkit, Cube,
HPCToalkit, Gprof,
Dynaprof, PSRUn

profile etadat profile trace trace
translators database translators storage

Comparative

Profile Analysis (ParaProf) Displays

Trace Visualizers  Trace Analyzers

ParaProf

v

Runtime Data

TAUoverSupermon

| Vampir | Expert Collection Insirumenec
3D Displays Galainlo TAU
Supermon, MRNet l : e smon
JumpShot ProfileGen | TAU_ DB DUMPO——— " Tunsport
— epresentz -~ l
. — "~ application
P Vampir CEE
araver S erver t ‘
[ posteresar, mysaL Scripting Interface

Oracle, DB2, Derby

Jython
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TAU Performance System Architecture

Instrumentation

event library binary virtual
selection wrapper code machine

event

information
MEASUREMENT AP1

Measurement

Event creation and management

event entry/exit atomic event event
identifier events events mapping control
Profiling ' Tracing
_ atomic entry/exit I trace record trace
statistics . . I . .
profiles profiles buffering creation I/0
|
phase /O profile I timestamp trace trace
profiles profiles sampling I | | generation filtering merging

Performance data sources OS and runtime system modules

. hardware . _
~_ 0000 -
system runtime
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TAU Performance System Architecture

evgnt —= Instrumentation ]—' gvent )
selection information

" other
| profilers : k——b—-llr___z
I symbol

 profiles table |
' profiles traces '

Profile Data Management (PerfDMF)

profile ctadatq profile
translators (XML) database

Profile Analysis (ParaPro

Trace Data Management
trace trace
translators storage

Trace Visualizers  Trace Analyzers

—— AN

Vampir

Expert

JumpShot ProfileGen

Profile Data Mining (PerfExplorer)

Vampir
Server

Paraver
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Program Database Toolkit (PDT)

Application
/ Library
C/C++ <f> Fortran parser
parser F7°7/90/95 ) FoBhtm!
IL IL ) SILOON )
C/C++ Fortran
IL aEal_yZEr N - IE zE1alyzer ) CHASM )
Program
Datahase = )DUCTAPE )TAU_instr)
Files é

http://tau.uoregon.edu TAU

Program
documentation

Application
component glue

C++ / F90/95
interoperability

Automatic source
Instrumentation
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Automatic Source-Level Instrumentation in TAU

TAU source Application
analyzer source
Parsed

program

\ 4 { Instrumented D

tau_1nstrumentor e

N
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Building Bridges to Other Tools

J/ l Dynaprof TAU W
profile
EPILOG tau2profile \/”' @ﬂ
Trace Library -
Y b Wallclock
expert +PAPI Probe
tau2slog2
aucsslog / \. tau2cube /
Ig2vtf, CUBE
tau_convert fau2vi/ vet?n:r /e /
- tau_convert P 9 (ISBCN(IZ . gprof \paf/prﬂ
, S vtf2profile
- C| MPIP ~
<5 filer
SGI xprofi
\ HPC Toolkit
r vif2otf /
e otf2vtf PM Toolk HPC View
oolkit
L= tauzorf ; HPCRun/hpcprof
orr HPMCount/
TA.0 LibHPM peekperf
_)
= I
N \ stftool . PSRUN
Vampir [< » PerfSuite b—F10____#
NI VamLiTrgrace LEGEND
ITAG.0
% Profil
S MPE ro |Ic:3igrace End_User Trace Format Profile Format
(MPICH) Analysis Tool file(s) file(s)
— Generator
Jumpshot-4 7 OMPtrace
] MPltrace Analysis/Converter Data from a Profile/Trace
- . OMPItrace - file generator
SCPUs Tool Profile >
Paraver 1S/ IACIT Database
@ JIs/) - Profile file data output
infoPerfex Trace format recognition
NanosCompiler coming soon. > Tracefile data output
Dimemas =
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TAU Instrumentation Approach

3 Support for standard program events
O Routines, classes and templates
O Statement-level blocks
O Begin/End events (Interval events)
3 Support for user-defined events
O Begin/End events specified by user
O Atomic events (e.g., size of memory allocated/freed)
O Selection of event statistics
3 Support definition of “semantic” entities for mapping
O Support for event groups (aggregation, selection)
O Instrumentation optimization
O Eliminate instrumentation in lightweight routines
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TAU Instrumentation Mechanisms

O Source code
O Manual (TAU API, TAU component API)

O Automatic (robust)
> C, C++, F77/90/95 (Program Database Toolkit (PDT))
» OpenMP (directive rewriting (Opari), POMP2 spec)

3 Object code

O Pre-instrumented libraries (e.g., MPI using PMPI)

O Statically-linked and dynamically-linked
0 Executable code

O Binary and dynamic instrumentation (Dyninst)

O Virtual machine instrumentation (e.g., Java using JVMPI)
0 TAU COMPILER to automate instrumentation process
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Using TAU: A brief Introduction

a3 To instrument source code using PDT

O Choose an appropriate TAU stub makefile (measurement option)
from <taudir>/<arch>/lib directory:

% setenv TAU MAKEFILE
/usr/common/acts/TAU/tau_latest/ibm64/lib/Makefile.tau-mpi-pdt

% setenv TAU_OPTIONS ‘-optVerbose ...’ (see tau_compiler.sh)

And use tau 90.sh, tau cxx.sh or tau cc.sh as Fortran, C++ or C
compilers:

% mpxlf90_r foo0.f90

changes to
% tau 190.sh f00.f90

0 Execute application and analyze performance data:
% pproft (for text based profile display)
% paraprof (for GUI)
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TAU Measurement Configuration — Examples

% cd /usr/common/acts/TAU/tau-2.18.2p4/ibm64/1ib; 1s Makefile.*
Makefile.tau-pdt

Makefile.tau-mpi-pdt

Makefile.tau-papi-mpi-pdt

Makefile.tau-pthread-pdt

Makefile.tau-pthread-mpi-pdt

Makefile.tau-openmp-opari-pdt
Makefile.tau-openmp-opari-mpi-pdt
Makefile.tau-papi-openmp-opari-mpi-pdt

3 For an MPI+F90 application, you may want to start
with:
Makefile.tau-mpi-pdt

O Supports MPI instrumentation & PDT for automatic source instrumentation

O % setenv TAU MAKEFILE
/usr/common/acts/TAU/tau-2.18.2p4/ibm64/lib/Makefile.tau-mpi-pdt
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Installing TAU

3 Install PAPI and PDT

O PAPI:
> ./configure —prefix=$HOME/pkgs/papi-3.6.2;
> Make ; make install

o PDT:
> ./configure —prefix=$HOME/pkgs/pdt-3.14.1
> make; make install

3 Install TAU:
O ./installtau —-pdt=SHOME/pkgs/pdt-3.14.1 —papi=$HOME/pkgs/papi-3.6.2
—mpiinc=<dir> -mpilib=<dir>

>  Configures multiple typically requested versions for you in
x86 64/lib/Makefile.tau-* configurations

O tau validate —html —build x86 64 >& results.html
O  mozilla results.html
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# # #

Validating an Install

hd SeaMonkey
File Edit View Go Bookmarks Tools Window Help

Back - Forward ~ Reload Stap ‘\»& file:f{/home/sameer/tmp/resibm64. html

JB{mkmarks # CentOS L‘iSuupun

=%

Print

Debug: Compiling with Instrumented Code

Executing> x1£90_r -I. -g64 -c simple.inst.f30 -gmuffix=f=

*+ Func End of Compilation 1 =

*+ main End of Compilation 2 =

-510 Compilation successful for file simple.inst.£30.

Locking for file: aimple.o

Ju/sameer/pkga/tau-2.17.1/ibmé4 /bin/tau_rompiler.sh -optPdtDir="/u/sameer/pkgs/pdtcolkit-3.12/ibm64" -optPdt0Opts

Debug: Linking with TAU Optiona

Target "all" is up to date.

/gpf=/hone/sameer /pkgs/tau-2.17.1/exanples/validate /pdtnpif> mkdir build-makefile.tsu-phase-multiplecounters-mpi-papi-pdt
/gpEs/hene/sameer/pkgs/tau-2.17.1/exanples/validate /pdtnpif> cp simple build-Makefile.tau-phase-multiplecounters-mpi-papi-pdt
pass/na : PDT-MPI (Fortran) : Makefile.tau-phase-multiplecounters-mpi-papi-pdt

PdtTest (/gpfs/home/sameer/pkgs/tau-2.17.1/ibmé64/1ib/Mak efile.tau-phase-multiplecounter:

Executing> x1£50_r -g64 simple.o -o simple -L/u/sameer/pkgs/tau-2.17.1/ibméd/1ib -1TauMpi-phase-multiplecounters-mpi-papi-pdt -L/usr/lpp/ppe.pos/lib -lmpi_r

-mpi-papi-pdt)

/gpfs/home/zamesr /pkgs/tau-2.17.1/exanples/validate /pdtmpif> grep "ATAU_F30 * /gpfs/home/sameer/pkgs/tau-2.17.1/ibm64/1ib/makefile. tau-phase-nultiplecounters-mpi-papi-pdt

-T/u/sameer/pkgs/tau-2.17.1/include -DPROFTLING_ON

-I/ufsameer/pkgs/tau-2.17.1/include -I/usr/lpp/ppe.pos/include -I/usr/lpp/ssp/css/include -I/usr/lpp/ppe.poe/include/threadsd

-L/usr/1lpp/ppe.pos/lib/threads

- DTAU_PAPT

- simple.o

-Lfusr/lpp/ssp/eas/1ib -1lapi_r

-1/u/sameer /pkgs/papi-3.5.0/are

-T/u/sameer/pkgs/papi-3.5.

TAU_FS0 = x1£30§ (TAU_R)  §(FS0_ABI) §(TAU_FS0_OPT)  #ENDIF##IEM64_FORTRAN#

nafna  : PDT-MPI (GFortran)  : Makefile.tau-phase-multiplecountera-mpi-papi-pdt

C POT (C) PDT (C++) |PDT (Fortran)|PDT (GFortran)|Fortran (flink) |Fortran (cpplink) |Fortran (clink) |[MPI (C) IMPI (Fortran)|PDT-MPI (C)||PDT-MPI (C++)|PDT-MPI (Fortran) |[PDT-MPI (GFortran)

St Makerile lbuild|run/|build/|run [build |run||fbuild run ||[build run lbuild run lbuild run lbuild run |lbuild |run build run ||build |run |build run lbuild run lbuild run
Makefile.tau-mpi-pdt pass |u/2|pass [u/A|pass |u/A [pass w/a [u/a /A |pasa w/an  |pasa u/A  |pasa u/A  |pass [u/apasa u/A |pass |u/A [pass W/ |pass w/a [mia /A
Makefile.tan-mpi-pdt-trace pass |u/2|pass [u/A|pass |u/A [pass w/a [u/a /A |pasa w/an  |pasa u/A  |pasa u/A  |pass [u/apasa u/A |pass |u/A [pass W/ |pass w/a [mia /A
Makefile.tau-pdt pasa [u/2 [pase  [n/a [pass | [u/a [pass /A [u/a /2 |[Baem v/a  |[pasa m/a  |pasa w/a  [u/a |w/alu/a /A /A /A [wia w/a [u/a w/a u/a n/a
Makefile.tau-callpath-mpi-compensate-pdt pass |u/2[pass [u/A[pass |u/A [pass w/a [u/a /A |pasa w/a  |pasa u/Aa  |pasa u/A  |pass |u/apasa u/A lpass  |u/A [pass u/x  |pass w/a [u/a /A
Makefile.tan-mpi-compensate-pdt pass |u/A[pass [u/A[pass |n/A [pass w/a [usa /2 |[Baem w/a  lpasa u/A  |pasa u/A  |pass |u/Apasa i/n | Dasel /A |[pase i/a |[pass wa [usa /A
Makefile.tau-phase-multiplecounters-mpi-papi-compensate-pdt|[pasa |W/A [pasa [u/A [pass  [w/a [pass u/a [usn /a |[BEes w/a  |pasma u/a  |pasma u/n  |pass [u/apasa /2 | Basel [/n |[BasE i/x |[pass wa [usa oy
Makefile.tan multiplecounters papi pthread pdt pass [w/A[pass [u/A[pa=s [w/A[pams wa wa w/a  [pasa WA [pa=s WA [pasa wa [wa s wa WA A A W/ |/ WA A n/a
Makefile.tan multiplecounters mpi papi pdt pas= [i/A[pass [U/A[pass [v/A[pass /A A [/n [pass wa  |pass WA |pass /A [pams |/A|pass  [H/A pass  |H/A [pass  [N/A |pass Wa A i
Makefile.tan multiplecounters papi pdt pas= [i/A[pass [U/A[pass [t/A[pass /A A /A [pass w/a  |pass WA |pass WA [wa /A w/a [wa A [wra w/a Wea A i
Makefile.tan multiplecounters mpi-papi pdt-trace pas= [i/A[pass [i/A[pass [w/A[pmss /A s /A |pas=s w/a  |pass WA |pass /A [pams |/Alpass  [H/A pass  |H/A [pass /A |pass wea |wa /e
Makefile.tau-depthlimit-mpi-pdt pasa |u/A|pass |u/apass [W/a[pass /A [w/a /a  pas=a w/Aa  |pass /A |pasms W/h |pass /A pas= /2 pass  |u/A |pass /2 [pas= wa  m/a /A
Makefile.tau-pthread -pdt pass |u/A|pass [n/A|pass [n/A[pass w/a [u/a /A |pasa /a  |pasa u/a  |pasa w/a  [u/a [wyafusa u/a /A u/a [w/a u/a [usa w/a [u/a /A
Makefile.tau-callpath-mpi-pdt pass |u/2|pass [u/A|pass |u/A [pass w/a [u/a /A |pasa w/an  |pasa u/A  |pasa u/A  |pass [u/apasa u/A |pass |u/A [pass W/ |pass w/a [mia /A
Makefile.tau-phase-multiplecounters-mpi-papi-pdt pass |u/2|pass [u/A|pass |u/A [pass w/a [u/a /2 |[Baem w/an  |pasa u/A  |pasa u/A  |pass [u/apasa [i/a |Basel [u/n |[Pase i/a |[pass w/a [mia /A

No Errors!

/incl

-L/u/sameer/pkgs/tau-2.17.1/ibmé4/1ib -1

4] p2a |

ﬂ\&@]@ﬂlﬂcne
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TAU SETUP: A GUI for Installing TAU

http://tau.uoregon.edu

een TAU_Conf 206 TAU_Conf
{ Compilers | Message Passing = Tracing/Profiling  Threads  Data Tools = Misc ! Compilers Message Passing =~ Tracing/Profiling =~ Threads  Data Tools = Misc
C Compiler [-cc=]: (Default [} [z ¥ profile [-PROFILE]
— = " Compensate [-COMPENSATE]
| User Defined : =
) | Callpath Profiling [-PROFILECALLPATH]
C++ Compiler [-c++=]: (Default [7) [7 Profile Headroom [-PROFILEHEADROOM]
— . 1 Profile Memory [-PROFILEMEMORY]
| User Defined
Fortran Compiler [-fortran=]: Default | 2 ? -
Defauit [+ B [ Trace [-TRACE] 7
"1 User Defined — . .
- | Epilog [-epilog=]: Browse E
[ PDT [-pdt=]: = 1 SLOG2 [-slog2]: ?
(_Browse i ] Use External SLOG2SDK [-slog2=]: Browse ?
PDT C++ Compiler [-pdt_c++=]: f : - =
piler [-p : _Default 3} [ 000 —COMPENSATE L
_ User Defined 1 Specifies online compensation of performance perturbation. When this L
' option is used, TAU computes its overhead and subtracts it from the r
] PAPI [-papi=]: rp— 2 . p(oﬁles. It can be only used when profilirjg ihs Fhosen. This option \:\rorks :
1 PAPI Wallclock [-PAPIWALLCLOCK] — 2 L4 with MbULTIPLEF(;-UN]I;E:IS is ?vell, ‘bur while it is relelvanr for rer:owng |
1 PAPI Virtual [-PAPIVIRTUAL] 2 pertur at!on w!r wallclock time, it cannot accurately account for .
perturbation with hardware performance counts (e.g., L1 Data cache misses).
1 Multiple Counters [-MULTIPLECOUNTERS] E See TAU Publication [Europar04] for further information on this option.
— I.\.'. OK ./\.I | -
.Jconfigure E Il
Configure Tau Make Tau Configure Tau Make Tau
Jinstalltau ./installtau
Install Tau Install Tau
Reset Exit Reset Exit

TAU

56




Upgrading TAU v2.17.1 configurations to 2.17.2

0 Upgrade TAU

O Previous installation in SHOME/pkgs/tau-2.18.2
> cd tau-2.19
> ./upgradetau $HOME/pkgs/tau-2.18.2

® Builds all previous configurations in the current dir

® You may also upgrade with a new package say PDT 3.15
» ./upgradetau SHOME/pkgs/tau-2.18.2—pdt=SHOME/pkgs/pdt-3.15

1 Validate your new installation

> ./tau validate —html —build x86 64 >& results.html
> mozilla results.html
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TAU Configuration — Examples

0 ./configure -pdt=<dir> -mpi —arch=1bm64
O on AIX 64 bit with PDT, MPI for IBM xIC compilers
0 ./configure —papi=<dir> -pdt=<dir> -mp1 -arch=1bm64
make clean nstall

O Use PAPI counters (one or more) with C/C++/F90 automatic
instrumentation for AIX. Also instrument the MPI library.

0 Typically configure multiple measurement libraries
O .all configs, .last config files contain all and last configuration
O tau validate --html --build ibm64 >& results.html
O ./upgradetau /path/to/old/tau-2.18

0 Each configuration creates a unique <arch>/lib/Makefile.tau<options>
stub makefile. It corresponds to the configuration options used. e.g.,

O /usr/common/acts/TAU/tau_latest/ibm64/lib/Makefile.tau-mpi-pdt
O /usr/common/acts/TAU/tau_latest/ibm64/lib/Makefile.tau-papi-mpi-pdt
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Using TAU

O Install TAU
% ./configure [options]; make clean install

O3  Replace the names of your compiler with tau f90.sh, tau cxx.sh and tau cc.sh
in your makefiles

m Set environment variables

O  Choose the measurement option and compile your code:
> setenv TAU MAKEFILE $TAU/Makefile.tau-papi-mpi-pdt
> setenv TAU OPTIONS ‘-optComplnst -optVerbose’
e Uses compiler-based instrumentation

O At runtime, if more than one metric desired:
> Setenv TAU METRICS TIME:PAPI FP_INS:PAPI NATIVE <event>

e Use papi native avail, papi_avail, and papi_event chooser to select these
preset and native event names

0  Build the application, run it, analyze performance data
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S, %

PAPI &Sy

._n:h‘h::m
PAPI |

0 Performance Application Programming Interface

O The purpose of the PAPI project is to design,
standardize and implement a portable and efficient
API to access the hardware performance monitor
counters found on most modern microprocessors.

Parallel Tools Consortium project started in 1998
Developed by University of Tennessee, Knoxville

a 4

3 http://icl.cs.utk.edu/pap1/
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Papi avail

0 List of PAPI preset counters:

cfel.sameer 66> ./papi_avail | more
Available events and hardware information.

Vendor string and code : GenuinelIntel (1)
Model string and code : Itanium 2 (1)
CPU Revision : 5.000000

CPU Megahertz : 1500.000000
CPU's in this Node : 28

Nodes in this System 1

Total CPU's : 28

Number Hardware Counters : 4

Max Multiplex Counters : 32

The following correspond to fields in the PAPI event info_ t structure.

Name Code Avail Deriv Description (Note)

PAPI L1 DCM 0x80000000 Yes No Level 1 data cache misses

PAPI L1 ICM 0x80000001 Yes No Level 1 instruction cache misses
PAPI L2 DCM 0x80000002 Yes Yes Level 2 data cache misses

PAPI L2 ICM 0x80000003 Yes No Level 2 instruction cache misses
PAPI L3 DCM 0x80000004 Yes Yes Level 3 data cache misses

PAPI L3 ICM 0x80000005 Yes No Level 3 instruction cache misses
PAPI L1 TCM 0x80000006 Yes Yes Level 1 cache misses

PAPI L2 TCM 0x80000007 Yes No Level 2 cache misses
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Papi native avail

3 List of PAPI native counters:

cfel.sameer 67> ./papi_ native_avail | more

Available native events and hardware information.

Vendor string and code : GenuineIntel (1)
Model string and code : Itanium 2 (1)
CPU Revision : 5.000000

CPU Megahertz : 1500.000000
CPU's in this Node : 28

Nodes in this System 1

Total CPU's : 28

Number Hardware Counters : 4
Max Multiplex Counters : 32

The following correspond to fields in the PAPI_event info_t structure.

Symbol Event Code Long Description
Register Name[n]

Register Value[n]

ALAT CAPACITY MISS ALL 0x40000000 ALAT Entry Replaced -- both integer and floating point i
nstructions

ALAT CAPACITY MISS FP 0x40000001 ALAT Entry Replaced -- only floating point instructions
ALAT CAPACITY MISS INT 0x40000002 ALAT Entry Replaced -- only integer instructions
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Papi_event chooser on 14-64

0 List of PAPI PRESET counters that may be counted together:

Vendor string and code

Model string and code

cfel.sameer 68> ./papi_event chooser

Usage: eventChooser NATIVE |PRESET evtl evet2 ...

: GenuinelIntel (1)

: Itanium 2 (1)

Level 1 instruction cache misses ()
Level 2 instruction cache misses ()

Level 3 instruction cache misses

cfel.sameer 72> ./papi_event_chooser PRESET PAPI_FP_OPS PAPI_L1_DCM PAPI_TOT CYC

Test case eventChooser: Available events which can be added with given events.

PAPI L1 ICM ma}} be counted
with these counters on 1A 64

CPU Revision : 5.000000
CPU Megahertz : 1500.000000
CPU's in this Node : 28

Nodes in this System 1

Total CPU's : 28

Number Hardware Counters : 4

Max Multiplex Counters : 32

Name Derived Description (Mgr. Note)
PAPI_L1_ICM No

PAPI_L2_ ICM No

PAPI_L3 ICM No

W

http://tau.uoregon.edu

TAU

63




Automatic Instrumentation

0 TAU provides compiler wrapper scripts

O Simply replace mpx1£90 r with tau £90.sh

O Automatically instruments Fortran source code,
links with TAU MPI Wrapper libraries.

7 Use tau cc.sh and tau cxx.sh for C/C++

Before

FO90 = mpif90

CXX = mpicxx

CFLAGS =

LIBS = -1m

OBJS = fl.0 £f2.0 £f3.0 .. fn.o

app: $(OBJS)

$(F90) $(LDFLAGS) $(OBJS) -o $@
$ (LIBS)

.£90.0:
$(F90) $(CFLAGS) -c $<

7
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TAU

After

F90 = tau £90.sh

CXX = tau_cxx.sh

CFLAGS =

LIBS = -1m

OBJS = fl.0 £f2.0 £f3.0 .. fn.o

app: $(OBJS)
$(F90) $(LDFLAGS) $(OBJS) -o $@

$ (LIBS)

.£90.0:
$(F90) $(CFLAGS) -c $<




TAU COMPILER Commandline Options

0 See<taudir>/<arch>/bin/tau compiler.sh -help

0 Compilation:
% mpxlf90 -c foo.£90

Changes to

% f95parse foo.£f90 $ (OPT1)

% tau_instrumentor foo.pdb foo.f90 -o foo.inst.£90 $(OPT2)
% mpxlf90 —-c foo.£f90 $ (OPT3)

0 Linking:
% mpxlf90 foo.o bar.o -o app

Changes to
% mpxlf90 foo.o bar.o —-o app $ (OPT4)

O Where options OPT[1-4] default values may be overridden by the user:
setenv TAU OPTIONS ‘...’

make F90=tau £90.sh

%
%
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TAU COMPILER Options

O  Optional parameters for $(TAU COMPILER): [tau_compiler.sh —help]

-optVerbose
-optComplnst
-optDetectMemoryLeaks

-optKeepFiles
-optPreProcess
-optTauSelectFile=""
-optLinking=""

-optCompile=""

-optPdtF950pts=""
-optPdtF95Reset=""
-optPdtCOpts=""

-optPdtCxxOpts=""

http://tau.uoregon.edu

Turn on verbose debugging messages
Use compiler based instrumentation

Turn on debugging memory allocations/
de-allocations to track leaks

Does not remove intermediate .pdb and .inst.* files
Preprocess Fortran sources before instrumentation
Specify selective instrumentation file for tau_instrumentor

Options passed to the linker. Typically
$(TAU_MPI FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

Options passed to the compiler. Typically
$(TAU_MPI INCLUDE) $(TAU _INCLUDE) $(TAU_DEFS)

Add options for Fortran parser in PDT (f95parse/gfparse)
Reset options for Fortran parser in PDT (f95parse/gfparse)

Options for C parser in PDT (cparse). Typically
$(TAU MPI INCLUDE) $(TAU INCLUDE) $(TAU_DEES)

Options for C++ parser in PDT (cxxparse). Typically
$(TAU MPI INCLUDE) $(TAU INCLUDE) $(TAU_DEES)

TAU

66




Overriding Default Options: TAU OPTIONS

% cat Makefile

F90 = tau £90.sh

OBJS = fl.o £f2.0 £3.0 ..

LIBS = -Lappdir -lapplibl -lapplib2 ..

app: $ (OBJS)

S (F90) $(OBJS) -o app $ (LIBS)
.£90.0:

S (F90) -c $<

% setenv TAU OPTIONS ‘-optVerbose -
optTauSelectFile=select. tau’

mpi-pdt

http://tau.uoregon.edu TAU
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Compiling Fortran Codes with TAU: Tips

O  If your Fortran code uses free format in .f files (fixed is default for .f), you may use:
% setenv TAU OPTIONS “-optPdtF950pts="*“-R free” -optVerbose ’

O  Ifit uses several module files, you may switch from the default Cleanscape Inc. parser
in PDT to the GNU gfortran parser to generate PDB files:

% setenv TAU OPTIONS ‘-optPdtGnuFortranParser -optVerbose’

O  If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% setenv TAU OPTIONS ‘-optPreProcess -optVerbose -optDetectMemoryLeaks’

O  To use an instrumentation specification file:
% setenv TAU OPTIONS “-optTauSelectFile=mycmd.tau -optVerbose -optPreProcess’

% cat mycmd.tau

BEGIN INSTRUMENT SECTION

memory file="“00.f90” routine="#"

# instruments all allocate/deallocate statements in all routines in f00.f90
loops file="* routine="#"

10 file="abc.f90” routine="FOO”

END INSTRUMENT SECTION
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TAU Measurement Mechanisms

3 Parallel profiling
O Function-level, block-level, statement-level
O Supports user-defined events and mapping events
O Support for flat, callgraph/callpath, phase profiling
O Support for memory profiling (headroom, malloc/leaks)
O Support for tracking I/O (wrappers, read/write/print calls)
O Parallel profiles written at end of execution

O Parallel profile snapshots can be taken during execution

3 Tracing
O All profile-level events + inter-process communication

O Inclusion of multiple counter data in traced events
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Optimization of Program Instrumentation

0 Need to eliminate instrumentation in frequently executing lightweight routines

0 Throttling of events at runtime (set by default in TAU 2.17.2+):
$ setenv TAU THROTTLE 1
Turns off instrumentation in routines that execute over 100000 times

(TAU THROTTLE NUMCALLS) and take less than 10 microseconds of
inclusive time per call (TAU THROTTLE PERCALL)

O Selective instrumentation file to filter events

]

% tau instrumentor [options] -f <file> OR
% setenv TAU OPTIONS ’-optTauSelectFile=tau.txt’

0 Compensation of local instrumentation overhead
% configure -COMPENSATE

http://tau.uoregon.edu TAU 70



Types of Parallel Performance Profiling

O Flat profiles
O Metric (e.g., time) spent in an event (callgraph nodes)
O Exclusive/inclusive, # of calls, child calls

3 Callpath profiles (Calldepth profiles)
O Time spent along a calling path (edges in callgraph)
O “main=> fl => f2 => MPI Send” (event name)
O TAU CALLPATH DEPTH environment variable

3 Phase profiles
O Flat profiles under a phase (nested phases are allowed)
O Default “main” phase
O Supports static or dynamic (e.g., per-iteration) phases
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Performance Evaluation Alternatives

Depthlimit Parameter Callpath/
profile profile callgraph profile

+r——rr—>

Flat profile Phase Trace
profile

Each alternative has: >

- one metric/counter Volume of performance data
- multiple counters
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Performance Analysis and Visualization

O Analysis of parallel profile and trace measurement
O Parallel profile analysis (ParaProf)

O Java-based analysis and visualization tool
O Support for large-scale parallel profiles
0 Performance data management framework (PerfDMF)
3 Parallel trace analysis
O Translation to VTF (V3.0), EPILOG, OTF formats
O Integration with Vampir / Vampir Server (TU Dresden)
O Profile generation from trace data

3 Online parallel analysis and visualization
O Integration with CUBE browser (KOJAK, UTK, FZJ)
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| ParaProf — Parallel Performance Profile Analysi

e I

TAL, mpiP. ompP,
HPMToolkit, Cube,
HPCToolkit, Gprof,
Dynaprof, PSRUn

_ Derived Data
Runtime Data
Collection

Supermon, MRNet

PostgreSOL, MySOL
Oracle, DB2, Derby

Call Graphs

Histograms Call Trees

I , / Vis Package

3D Displays

Comparative
Displays Dlsplavs

Internal
Representation

”

7

Scripting Interface

Jython

http://tau.uoregon.edu TAU



’ ’ ’

ParaProf — Manager Window

X ParaProf Manager
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ParaProf — Flat Profile (Miranda, BG/L)

%X/ n,c.t, 6016,0,0 - profiles/8k/miranda/taudata/disk2 /mnt/
File Options Windows Help

Metric Mame: Time

Value Type: exclusive ~ node, context, thread

8K processors
30.024% | | MPI_AlRoall{)
25.991% |

| M PI_Group_trans late_ranks ()
7.725% [N RCFTY

7.546% [ | RCFTX
5.305% [ MPI_Barrier()
3.851% [ BANBKS
2.502% ] DENSITY
1831% I MPLInit)
1.683% [l ADVDIFACC

1.537% [] TRANYZ
Mirand 1.458% O INVTRANXZ
Iranda 1.266% [] TRANXZ
O hydrodynamics 1.248% [ INVTRANYZ
O Fortran + MPI 1.122% [] MPI_Comm_group()
0.874% 0 FOURIER
O LLNL 0.312% [l INCOMPRESSIBLE
0.696% [] DERIV
0.641% [l FILTERZ
Run to 64K 0.563% [| MPI_Comm_sizel
0.441% [ 5G5
0.37% || cOFTY -
¥ b
http://tau.uoregon.edu
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ParaProf — Stacked View (Miranda)

A6

X\ ParaProf: profiles/8k/miranda/taudata/disk2 /export/

File Options Windows Help

Metric Name: Time
alue Type: exclusive

NGt bAasE, U, R |
n,c,t 6489,0,0
n,¢,t 6490,0,0
n,c,t 6491,0,0 [
n,c,t 6492,0,0
Nt 6493,0,0 R
n,c,t 6494,0,0
n,c,t 6495,0,0 R ]

n,c,t 6496,0,0 [
n,c,t 6497,0,0
n,c,t 6498,0,0
n,c,t 6499,0,0 [
n,¢,t 6500,0,0
n,¢,t 6501,0,0 [N
n,c,t 6502,0,0 (]
n,c,t 6503,0,0 [
n,c,t 6504,0,0 (]
n,¢,t 6505,0,0
n,¢,t 6506,0,0 [
n,c,t 6507,0,0

et 508,00
n,c,t 6509,0,0 [
n,¢,t 6510,0,0
n,c,t 6511,0,0 [
n,¢,t 6512,0,0
n,¢,t 6513,0,0 [
n,c,t 6514,0,0 (]
n,¢,t 6515,0,0
n,c,t 6516,0,0 (I
n,¢,t 6517,0,0 N
n,c,t 6518,0,0 (]
n,c,t 6519,0,0 (]
n,c,t 6520,0,0 (I
n,ct 6521,0,0 [
n,c,t 6522,0,0
n,c,t 6523,0,0 [
n,c,t 6524,0,0 I
n,¢,t 6525,0,0 [
n,c,t 6526,0,0 (]
Nt 65270, )

n,c,t 6528,0,0 (I
n,c;t 6529,0,0

A

miElE
é
o
L
|
L
B
B
B
B
B
L
|
L
|
L
B
L
é
LI L

I

|
B
B
|
|
|
]
|
|
|
||
|
||
||
|
|
|
B
B

s
I
N
I
AR
IS

71 [ 7
E
L L

sleleielE
é
L
L
L
L
|
|
|
|
|
L
L
L
L
L HHHE
% %

[ ]

I

| |

s
A——_
I
R IR
I

I
2 R R R RN
AT
N,
I
AR
I
AR RN

| '\%
g
B
B
B
B
|
|
o
o
o
o
o
o
B
B
B
|
LI

I\Q
L

=

[ ] [ ]

ulm
-

]
L

B
L L]

]
L

mimlE
L]

N e L LB LB
N OE0Es0onooeoel
EN OO oeooeoe
N EOE0Es0oRooeoe
N ECOEOEI oRooeoel
N EOEOEI onooeoel
N EOEOEI oRooeoel
N EOEOEI onooeoel
EN I OEOE0R0oeoe
N ECOE0Es0onooeoel
EEN O OEOE0oR0ooe
N EOR0Esononeoel
N EOEOEI oeooeoel
N EOR0EI onooeoel
N EOEOEI oeooeoel
N EOE0EI onooeoel
EN T EOECEoeooeoe
N OEOEsoRooeoel
EN OO oeooeoe
N COE0Esonooeoe
N EOE0EI onooeoel
N ECOEOEI ORoneoel
NS OEOEI 0Rooeoel
N ECOEOEI onooeoel
EEN T OECE0oR0onom
N OE0Es0onooeoel
EN T EOEOE0oeoonom
N OEOEs0oR0oeoel
N EOECEI oeooeoel
N EOR0Er oeooeoel
N EOECE)I onooeoel
N ECOEDEI onooeoel
EN OO 0oR0oeoe
N ECOE0Es0onooneoel
EEN OO oeoonoe

N A ONOEE0800a0n

Tin]
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ParaProf — Callpath Profile (Flash)

% n,gt, 0,0,0 - callpath-all/scaling/flash/taudata/disk2 /mnt/

File Options Windows Help

Metric Mame: Time
Walue Type: exclusive

26.474% | | MODULEHYDROSWEEP: HYDRO_SWEEP

26.474% [ |FLASH =3 EVOLVE =3 HYDRO:HYDRO_3D
24.556% I 10 DULEHYDRO_1D:HYDRO_1D

24.556% NN FILASH == EVOLVE = > HYDRO:HYDRO_3D
14.351% [ | MODULEINTRFCZINTRFC
14.351% [ FLASH == EVOLVE = > HYDRO:HYDRO_3D
4.501% I MODULEEQS3D=EQS3D
4.427% [ MPI_Ssendg
3.678% [ IFLASH = EVOLVE
3.536% [ MPI_Allreduced
2.727% I MPI_Waitall)
2.242% [ ] MODULEUPDATE_SOLN:UPDATE_S
2.242% BB FLASH => EVOLVE = > HYDRO:HYDRO_3D
2.059% ] AMR_GUARDCELL_CC_SRL

= MODULEHYDROSWEEF::HYDRO_SWEEP

= MODULEHYDROSWEEF::HYDRO_SWEEP

=» MODULEHYDROSWEEF::HYDRO_SWEEP

=3 HYDRO:ZHYDRO_3D

= MODULEHYDROSWEEF::HYDRO_SWEEP

=>» MODULEHYDROSWEEF::HYDRO_SWEEP

= MODULEHYDRO_1D:HYDRO_1D

=3 MODULEHYDRO_1D:HYDRO_1D

= MODULEINTRFC:INT

=3 MODULEEOS3D:EOS3D

=> MODULEUPDATE_SOLN:UPDATE_SOLN

1.703% [ FLASH = > EVOLVE => HYDRO:ZHYDRO_SD => MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_GUARDCELL => AMR_GUARDCELL_SRL => AMR_

1.56% [ FLASH =:> EYOLVE =3 HYDRO:HYDRO_3D, => MODULEHYDROSWEEP:HYDRO_SWEEP => MESH_GUARDCELL =:> AMR_GUARDCELL_SRL =3 AMR_
1.406% Bl FLASH => EVOLYE =:> MESH_UPDATE_GRIDNREFINEMENT = > MESH_REFINE_DEREFINE =:> AMR_REFINE_DEREFINE => AMR_MORTON_ORDER =3,
1.361% E FLASH = TIMESTEP =3 MPI_Allreducei

1.319% B AMR_RESTRICT_UNK_FUN
1.272% [ AMR_PROLONG_GEN_UNK_FUIN
1.093% [J FLASH =3 EVOLVE =3 HYDRO:ZHYDRO_3D

LEHYDROSWEEP:HYDRO_SWEEP

= MESH_GUARDCELL =3 AMR_GUARDCELL_ C_TO_F => A
1.077% [] ABUNDANCE_RESTRICT
1.077% O FLASH =» EVOLVE => HYDROZHYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = > ABUNDANCE_RESTRICT
1.064% [l DEASETREE:DBASENEIGHEORELOCKLIST
FlaSh 1% [0 FLASH =:> EVOLVE =3> HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_GUARDCELL => AMR_RESTRICT => AMR_RESTRI
0.987% 0 FLASH = EVOLVE => HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_FLUX_CONSERVE = AMR_FLUX_CONSERVE_UDT
0.96% [ FLASH = EVOLVE => HYDRO:HYDRO_3D == MODULEHYDRO:

EEP:HYDRO_SWEEP

O thermonuclear

flashes
O Fortran + MPI

0.916% [0 MPI_Barrierd

0.807% B FLASH == EVOLVE =3 HYDRO:zHYDRO_3D
0.806% 0 AMR_PROLONG_LUNK_FLIN

0.735% 0 AMR_DIAGONAL_PATCH

0.699% [] DIFFUSE
0.699% [ FLASH

= MODULEHYDROSWEER:HYDRO_SWEEP

= MESH_GUARDCELL

=3 MESH_GUARDCELL

=> AMR_GUARDCELL_C_TO_F == A

=» TOT_BEND == DBASETREE:DEAS

== EVOLYE => HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO,SWEEP = DIFFUSE
0.671% [ AMR_RESTRICT_RED

o Argonne 0.671% 0 FLASH => EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP == MESH_FLUX_CONSERVE =3 AMR_FLUX_CONSERVE_UDT
0.657% [ FLASH => EVOLVE =3> HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_GUARDCELL =3 AMR_GUARDCELL SRL =3 AMPR_
0.638% [ FLASH => EYOLVYE =» MESH_UPDATE_GRID_REFINEMENT =3 MARK_GRID_REFINEMENY = > MPI_Barrier(

0.61% [ FLASH =3> EVOLVE =: HYDROzHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP 2 MESH_GUARDCELL => AMR_GUARDCELL_C_TO_F == A

0.556% I FLASH =3 EVOLVE =3 HYDROzHYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP = :@{ESH_GUARDCELL => AMR_GUARDCELL_C_TO_F =3 A
0.508% [ TOT_END
0.454% | FLASH => EVOLVE => MESH_UPDATE_GRID_REFINEMENT => MARK_GRID_REFINEMENT

http://tau.uoregon.edu TAU
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Comparing Effects of Multi-Core Processors

Metric: PAPI_RES_STL O Chiter. 350350 4096pes sn.loops BARRIER ppk - Mean
Walue: Exclusive ] Chiter. 350360 2048pes deloops BARRIER ppk - Mean

Units: counts

28707E12 | |

3.0372E12 (105.799%) Loop: QL_MYRA_MOD:QL_MYRA_WRITE [fspinfhomeltharretiAORSA_PROJMIORKIAORSAZDIS i _myra fp {3564, 7 -B96,12]]

1.4797E11 (90.881%) [ Loop: AQRSAZD_STIXZ [[fspinfhomelrbarretfA0OREA_FPROJAMWORKIADREAZD srcfaorsa2dMain i {4155, 2H4878,71]

1.5?88E12(1D15:23§61)2_| | AORSAZD_STIX2
1 BEZ9E11 (195?18251;51) E MPI_Recv()
1.44589E11 [
3.9055E1n?€gg;?i;£ H MPI_Earrier)
2.?055E1u(1§f§§§;§) H MPI_Type_commimit()
5.1208E9(1;f£§§$ I MPI_Send{
33807E4 | MPI_Packi

3.3829E9 {100.082%) |

2.8833E9 |
4.8216E9 (167.223%)

AORSA2D
O magnetized

plasma simulation
O Blue is single node
O Red is dual core
O Cray XT3 (4K cores)

http://tau.uoregon.edu
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Comparing FLOPS (AORSA2D, Cray XT3)

Metric: PAPI_FP_OPS § GET_TIME_OF_DAY [ Citer 350x%350.2048pes.de.loops. BARRIER. ppk - Mean
Walue: Bxclusgive W Chiter.350x350.4096pes.50. l00ps. BARRIER. ppk - Maan

Units: Derived metric shown in
microseconds format

3518.923
3573148 (101.541%)

1121.684 [ |

1132.286 (100.954%) ||

1063.058 | |

1064.333 (100.12%)  ——

AORSA2D

O Blue is dual core

O Red is single node

O Cray XT3 (4K cores)

O Data generated by
Richard Barrett, ORNL

http://tau.uoregon.edu

Boteae

B15.554 (101.711%) [

[ELR L R —

72.085 (100.706%) [—]

Be402 [ ]
64.678 (100.123%) [E—

eeevas [ ]
BED.727 (100.142%) [ —

Bes.0ns [ ]
702.5(107.25%) I —

B84 o ]
644.334 (104.674%) (]

546860 [ ]
£69.380 (103.916%)

s3se1e oo ]
646,272 (101.932%) (R

521226 [ ]
524,847 (100.714%) [E—

AQRSAZD_STIx2

Loop: SIGMAD_CQL3D [ispinthomeltharetiA0REA_PROJMWORKIAORSAZD sreisigma.ft {256,101291,15]

Loop: AQRSAZD_STEXZ [fspinfhomeibarrettAORSA_PROMMORISAORSAZDIsrcfaorsa2dMain f43712 7371712

Loop: AQRSAZD_STEAZ [spinfhomeibarretthORSA_PROMMWORIKIAORSAZDIsrcfaorsa2dMain f43719,7-{372412)

Loop: AQRSAZD_STIXZ [fspinfhomelrbarretthORSA_PROMMWORKIAORSAZDIsrcfaorsa2dMain {3102 73267 12]]

Loop: ADRSAZD_STIXZ [IspinthomedfrharretftAORSA_PROIMORKIADRSAZDYsrefaorsaZdbain i} {2970,7-{2875,12)]

Loop: ADRSAZD_STIXZ [IspinthomedfrharrettAORSA_PROMMWORKIADRSAZDYsrefaorsa2dhain i} {3008,7-{3013,12)]

Laap: AORSA2D_STIX [ispinhameitharretis0RSA_PROJWORKAORSAZDISe/a0rsa2dMain {5572, 7 -5583,1 2]

Loop: QL_MYRA_MOD:OL_MYRA_WRITE [fspinshomeirbaretia0RSA_PROJWORKACRSAZDIsiy|_myra.f {354, 7 HE9E,12)

Loop: AQRSAZD_STEXZ [fspinfhomeibarrettAORSA_PROMMORISAORSAZDIsrcfaorsa2dMain {5556, 7 {6567 ,12)

Loop: AQRSAZD_STEAZ [spinfhomeibarretthORSA_PROMMORIKIAORSAZDIsrcfaorsa2dMain £} {3059, 7-{3096,12)

Loop: AQRSAZD_STIXZ [fspinfhomelrbarretthORSA_PROMMWORKIAORSAZDIsrcfaorsa2dMain {2435, 71-{244412]]
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000 X! Histogram: profiles/8k/miranda/taudata/disk2 /export/
File Options Windows Help
[ T
Number of Bins
50 100
Metric Name: Time
Name: MPI_Alltoall)
alue Type: exclusive
8k processors
#Threads
1168
066 X| Histogram: profiles/16k/miranda /taudata/disk2/mnt/
1051 o File Options Windows Help
934 Mumber of Bins
a0 100
Metric Marme: Time
818 Marne: MPI_Barrierg
alue Type: exclusive 1 6k
vt Units: seconds pI’OCGSSOI’S
# Threads
584 322
467 MNumber of threads: 1168 290 4
Range minimum: 54.1
350 4 Range maximum: 54.27 553 -
234 4 225 1
117 4 193 -
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrror1r 1 1T 161_
Min Value = 53.43 Max Yalue = 61.77
124
95 &
54.4
32.2 1
Min Value = §.092 Max Walue = 1285
P
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ParaProf — Full Profile (Miranda)

X ParaProf Visualizer

Options Windows Help

File

% Triangle Mesh

Ear Plot

Scatter Plot

Height Metric

| Time

Exclusive

Color Metric

| Time

Exclusive

MPI_Barrierd

Function

16:0:0

Thread

1.2229EE microseconds

Height value

1.2229E8 microseconds

Color value

Colorscale Render

Axes

Mesh Plot

Orientation

NE

NW

v| Show Axes

N
—
o
AN
AN
Q
Q
o
—
¥
—
\O
o

SW

SE®

82
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ParaProf —Full Profile (Matmult, ANL BGP)

File Options Windows Help

# Triangle Mesh
Bar Plot
Scatter Plot

Height Metric

Exclusive ¥ | |GET_TIME_OF_DAY ¥
Color Metric
Exclusive ¥ | |GET_TIME_OF_DAY ¥
MPI_Brastd
Function
] »
171:0:0
Thread
< »

Height value 0.263 seconds

Colorvalue 0263 seconds

Mesh Plot | Axes | ColorScale | Render

Plot Width C
Plot Depth Cr
Plot Height )

256 processors o

http://tau.uoregon.edu TAU
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ParaProf — 3D Scatterplot (Miranda)

0 Each point
1s a “thread”
of execution

O A total of
four metrics
shown 1n
relation

3 ParaProf’s
visualization A
library ""

O JOGL

i
—-—
i3
-
[
+

MFP1T Crau

http://tau.uoregon.edu TAU 84



Visualizing Hybrid Problems (S3D, XT3+XT4)

3 S3D combustion simulation (DOE SciDAC PERI)

File Options Windows Help

http://tau.uoregon.edu

ORNL Jaguar
* Cray XT3/XT4
* 6400 cores

y| ® Triangte Mesh
Ear Plot
Scatter Plot

Height Metric
Exclusive
Color Metric

Exclusive

Function

Thread

Plot Width

Plot Depth

Plot Height

Height value 417395 seconds

Color value 417395 seconds

Mesh Plot [ Axes

Transparency




Zoom View of Hybrid Execution (83D, XT3+XT4)

3 Gap represents XT3 nodes

O MPI_Wait takes less time, other routines take more time

http://tau.uoregon.edu TAU 86



Visualizing Hybrid Execution (S3D, XT3+XT4)

0 Hybrd
execution

O Process
metadata 1s
used to map
performance
to machine
type

0 Memory speed
accounts for
performance
difference

http://tau.uoregon.edu

6400 cores

TAU
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S3D Run on XT4 Only

0 Better balance across nodes 0 More performance uniformity

TAU: ParaProf: 3D Visualizer _nc_xtd_ TAU: ParaProf

http://tau.uoregon.edu TAU 88



T

ParaProf — Profile Snapshots (Flash)

d Profile snapshots are parallel profiles recorded at runtime
0 Used to highlight profile changes during execution

TAU: ParaProf: Snapshots for n,c,t 0,0,0 - flashd xml [=][o]x]

Initialization File Filter Windows PyScript Help
\ ‘Tnp 20 “ Square ” Differential || Timeline‘ |Stacked |v| |Time |v|Echusive |v|
Snapshot Breakdown

1,500

/

1,400,000

1,300,000

ChGCprIIltlng x 1,200,000
w

cogids)

700,000

Exclusive (microse

600,000

500,000
400,000

300,000

Finalization — | e b SRR S IR

0 e :
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1& 18 200 21 22 23 24

Timeline (seconcls)

W MPI_Barrier) W GRID_GETSINGLECELLYOL W INTRFC MPI_Allreduced HY_BLOCEK W RIEMAN MPI_Ssendi HYDRO_ID MSTATES
W EOS_WRAFPED M GRID_GETDELTAS M AMR_GUARDCELL MPI_Bcastd W GRID_APPLYBCEDGEALLUNENVARS W MPI_Recv( M MAFL

W MPI_Waitalld 8 TIMERS_STOPINDEX HY_SWEEP GRID_APPLYECEDGE Other

I
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Filtered Profile Snapshots (Flash)

3 Only show main loop iterations

File Filter Windows PyScript Help

TAU: ParaProf: Snapshots for n,c,t 0,0,0 - flashd.xml E@E

‘ Top 20 ” Square || Differential u Timeline | |Stacked |v| |Time ‘v |E:-:|:Iusi\re |v|

700,000 -
650,000 -
600,000 -
550,000 -
500,000 -
450,000
400,000 1
350,000 -

300,000

Exclusive {microseconds)

250,000 -
200,000 -
150,000 -
100,000 -

50,000 1

u -+
0 1 2 3 4 5 6 P

Snapshot Breakdown

8 9 10 11 12 13 14 15 16 17 1% 19 20 21 22 23
Timeline (seconcls)

W MPI_Waitalld M TIMERS_STOPINDEC & HY_SWEEP

W MPI_Barrierd W GRID_GETSINGLECELLVOL W INTRFC MPI_Allreduced © HY_BLOCE M RIEMAM = MPI_Ssendd  HYDRO_ID MSTATES
M EQOS_WRAPPED M GRID_GETDELTAS M AMP_GUARDCELL © MPI_Ecast) M GRID_APPLYECEDGEALLUNKVARS M MPI_Recyd M MAPL

GRID_APPLYBECEDGE W Other

http://tau.uoregon.edu
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Profile Snapshots with Breakdown (Flash)

0 Breakdown as a percentage

n TAU: ParaProf: Snapshots for n,c.t 0,00 - flashd.xml EE
File Filter Windows PyScaript Help

'5555| Top 20 || Square ” Differential || Timeline_| ‘Stacked ‘v| ‘Time |v|Echusi\re percent ‘v|

Snapshot Breakdown
105

100
95
90
85
80
75
70
55
&0
55
50
45
40
35
30
25
20
15
10

Exclusive percent (%)

] 1 2 3 4 5 [ 7 g 9 10 11 12 13 14 15 1e 17 18 18 20 21 22 23 24
Timeline (seconds)

M MPI_Barrierd M QRID_GETSINGLECELLVOL W INTRFC MPI_Allreduced HY_BLOCE. M RIEMAN [ MPI_Ssendd HYDRO_ID MSTATES
M EDS_WRAPPED M GRID_GETDELTAS ™ AMPR_GUARDCELL © MPI_Ecastd M GRID_APPLYECEDGEALLUNKVARS B MAPL B MPI_Waitalld
W TIMERS STOPINDEY M HY _SWEEP = GRID_APPLYECEDGE AMB_1BELE_GUARDCELL SEL B Other

http://tau.uoregon.edu TAU




Profile Snapshot Replay (Flash)

Snapshot 80
I 1

TAU: ParaProf: Snapshot Controller: E"EHE

| 1 r

Name: Iteration 80
Time Position: 9 Seconds

[]Replay I}

TAU: ParaProf: n,e,t0,0,0 - flashd.xml
File Options Windows Help

All windows dynamically update

[ ]m][=]

Metric: Time
Value: Exclusive
Units: seconds

0.666 |

MPI_Barrierd

048]

CRID_GETAINGLECELLY DL

0468

MPI_Allreduced

0.217

0.205

0.037

0,055
0.088
008

0.425 [ | INTRFC
0.401 [ | HY_BLOCK
0.255 MPI_Ssend()
0.329 — RIEM AN
0322 [ ] SIMULATION_INITBLOCE,
0.265 ] HYDRO_ 1D
0258 ] STATES
0230 [ | EOS_WRAPPED

o2z [ ]
0.21 ]

o.zoz ]
0.17

0.186 [
0.156
0.155
0.151
0.147
0.118
0.118
0,113
0.107

I

ol

GRID_APPLYBCEDGEALLUNKYW ARS
SIM_FIMD

CRID_GETDELTAS

MPI_Recw]

LOGFILE_CLOSE

MAPL

GRID_APPLYBCEDGE

10 _WRITEINTECRALQULANTITIES
AME_GUARDCELL

CR_AME_DUMP _EUNTIME_PARAMET ERS
MPI_Waitall(

TIMERS _STOPINDEX
CRID_PUTPOINTDAT A
HY_SWEEFR
AMR_BLOCK_GEOMETRY
AMR_1BLE_GUARDCELL_SRL
TIMERS _STARTINDEX
TMR_STACKLIATINDEX

[ T»

FOS

1] Il

[ »

[4]

http://tau.uoregon.edu

TAU: ParaProf: n,e,t0,0,0 - flashd.xml
File Options Windows Help

snapshot 154

Name: final
Time Position: 24 Seconds
] Replay | - .

TAU: ParaProf: Snapshot Controller: E"EHE

Metric: Time

Value: Exclusive

Units: seconds

1.862 | | MPI_Barrier( 1=
1.50% e GRID_GETSINCLECELLY QL L
1272 [ | INTRFC | 5
1.258 | | HY_BLOCK
1.217 s MFPI_Allreduce()
1112 —] REM AN
0.821 ] HYDRO_ID
oE08 [ ] MPISsend)
0.802 [T STATES
0777 [ | EOS_WRAPPED
0652 00 | GRID_GETDELTAS
0.573 [ AMR_CUARDCELL
0,482 [ ]| GRID_APPLYBCEDGEALLUNKYARS
0,468 [ MPI_Recw)
0,425 [ MAPL
0.284 [ 10_WRITEINTECRALGUANTITIES
0.269 [ LOGFILE_CLOSE
0.265 [ MPI_Waitall()
0.264 [ ] TIMERS_STOPINDEX
0.348 [ ] HY_SWEEP
0.345 [ | GRID_APPLYBCEDGE
0322 [ ] SIMULATION_IMITELOCK.
0.327 [ AME_1BLE_GUARDCELL_SREL
0,217 ] AMR_BLOCK_GEOMETRY
0.291 [ TIMERS STARTINDEX
0.277 [ ] AMR_FLUX_COMNSERVE
0.271 [ MORTOM_MUMBER
0.27 [ TMR_STACKLISTINDEX
0254 ] ECS |
0 235 [ unid in hSrlnse file fhid 1+ 0 >

1] Il

[ »
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Snapshot Dynamics of Event Relations (Flash)

3 Follow progression of various displays through time
3 3D scatter plot shown below

BRG] & rau: rarerror 30 visua
File Options Windows Help

BEIE]
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Performance Data Management

3 Need for robust processing and storage of multiple profile
performance data sets

0 Avoid developing independent data management solutions
O Waste of resources
O Incompatibility among analysis tools

0 Goals
O Foster multi-experiment performance evaluation

O Develop a common, reusable foundation of performance
data storage, access and sharing

O A core module 1n an analysis system, and/or as a central
repository of performance data
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PerfDMF Approach

0 Performance Data Management Framework

3 Originally designed to address critical TAU requirements

0 Broader goal 1s to provide an open, flexible framework to
support common data management tasks

0 Extensible toolkit to promote integration and reuse across
available performance tools

O Supported profile formats: TAU, CUBE 2 & 3 (Kojak),
Dynaprof, HPC Toolkit (Rice), HPM Toolkit (IBM), gprof,
mp1P, psrun (PerfSuite), Open|SpeedShop, ...

O Supported DBMS: PostgreSQL, MySQL, Oracle, DB2,
Derby/Cloudscape

O Profile query and analysis API
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PerfDMF Architecture

TAU Performance System Performance Analysis Programs

o

- rofile scalability .| cluster

) Vi P tadat: . | ParaProf § Ivsis
ra aull metadata analysis anatysis
.' ..-""-' 1-.‘\-\ .I e

J ' Y '
raw profiles b Query and Analysis Toolkit
S
(" Statistics )

*onT 1‘
: Ef;?[, [ | [ (R / Omega)

“psmun f,' LA | Y |
, HPMtoolkir | Java PerfDMFAPI |y 'y y

XML ] [S QL (PostgreSQL, MySQL, DB2, Oracle )j

Data M.":?Eng\‘
L (Weka) )

document ||

formatted - -

profile data [ | 000

K. Huck, A. Malony, R. Bell, A. Morris, “Design and Implementation of
a Parallel Performance Data Management Framework,” ICPP 2005.
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Metadata Collection

0 Integration of XML metadata for each profile

0 Three ways to incorporate metadata

O Measured hardware/system information (TAU, PERI-DB)
» CPU speed, memory in GB, MPI node IDs, ...

O Application mstrumentation (application-specific)
> TAU METADATA() used to insert any name/value pair
> Application parameters, input data, domain decomposition

O PerfDMF data management tools can incorporate an XML
file of additional metadata
» Compiler flags, submission scripts, input files, ...

0 Metadata can be imported from / exported to PERI-DB
O PERI SciDAC project (UTK, NERSC, UO, PSU, TAMU)
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Metadata for Each Experiment

T

TALU: ParaProf Manager

2 [0]]x]

File Options Help
@ Lpplications : TrialFiald Walue
9 [ Stanclard Applications §§ Mame fa0/pdt_mpifexamples ftau2 famorris/home/
% ] Default App /Application ID 0
% [ Default Exp : _lE_x_p?rl’émem ID g
¢ [ f90/pdt_mpi/examples/tauZ famorris /home/ | CES = =
: E’&;r"ﬁ,ﬁgp& oAy e 2992.505
_— N o | EICPU Type Intel(F) Xeon(F) CPU 5160 @ 3. 00CHzZ
o= [ Default {jdbc: postgresgl://spaceghost.cs.uoregon. edu: s “[cFL Vendor Canuinalntel
o= [ utonium (jdbc:postgresql:/ /utonium. cs.uoregon. edu:5 43 C'-.-'u]:l — D ST AN Talee o L
o [ spaceghost2 (jdbc:postaresql://spaceghost. cs.Uoredon. | :[cache Size 4096 KB
o= [ proton_mysal (jdbc:mysal://192.168.1.1:3306 /perfdm :|Exacutable fhome/amorris/tau2 fexamples/pdt_mpi/f...
o= [ spaceghost_peri_milc {jdbc postgresgl://spaceghost.cs. §§ Hostname cdemon.nic. uoregon.ecu
o= [ proton_postgresgl (jdbc:postgresgl://192.168.1.1:543] ;|Local Time 2007-07-04T04:21:14-07:00

o= [ utonium_oracle (jdbc:oracle:thin: @/ /utonium. cs.uoregon :[MPI Frocessar Name

cleman.nic.uoregon. eclu

o~ =9 perigtc (jdbc:postgresql: //spaceghost. cs. uoregon. edu:5| ;| EMany Size S L
AMode MName cleman.nic.uoregon. eclu
£|0S Machine ¥B6_54
£|0S Name Linux
§§ 0% Relsase 2.6.9-42 0.3 EL perfctrsmp

. £|0S Version #LSMP Fri Mov 3 07:34:13 PST 2006
MUItlple PerfDMF DBS Starting Timestamp 118354B8072220998

AT AL Architecture #B6_64
§§ TAL Config -papi=/usrflocal/packages/papi-2.5.0 =M. .
“|Timestamp 1183548074317538
A|UTC Time 2007-07-04T11:21:14Z
“|pid 11395
“|usernarne amarris

1] I OE

| 1
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Performance Data Mining

0 Conduct parallel performance analysis process
O In a systematic, collaborative and reusable manner
O Manage performance complexity
O Discover performance relationship and properties
O Automate process
0 Multi-experiment performance analysis
0 Large-scale performance data reduction
O Summarize characteristics of large processor runs
0 Implement extensible analysis framework
O Abstraction / automation of data mining operations

O Interface to existing analysis and data mining tools
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Performance Data Mining (PerfExplorer)

0 Performance knowledge discovery framework

O Data mining analysis applied to parallel performance data
» comparative, clustering, correlation, dimension reduction, ...

O Use the existing TAU infrastructure
» TAU performance profiles, Perf DMF

0 Technology integration
O Java API and toolkit for portability
O Built on top of PerfDMF
O R-project/Omegahat, Octave/Matlab statistical analysis
O WEKA data mining package
O JFreeChart for visualization, vector output (EPS, SVGQG)
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PerfExplorer: S3D Total Runtime Breakdown

lafals) % TAU/PerfExplorer: Total Runtime Breakdown
File Help

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

100

90

WRITE
SAVEFILE

70 s _ _________:i
" —— - } MPI Wait

50

80

40

30

Percentage of Total Runtime

20

10

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,0(
Number of Processors

H DERIVATIVE_X_COMM [{derivative_x.pp.f90}{53,14)] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90}{374,31-{386,7}]

¥ Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15]] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f901{566,191-{589,24]]
Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90}{431,10}-{440,15}1 ™ Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15]] 1 2,000
Loop: INTEGRATE [{integrate_erk.pp.f901{73,31-{93,131] Loop: RHSF [{rhsf.pp.f90}{209,3}-{211,7}] M Loop: RHSF [{rhsf.pp.f90}{515,3}-{535,16}]

M Loop: RHSF [[rhsf.pp.fo0}{537,3)-{543,16]] M Loop: RHSF [{rhsf.pp.f90}{545,31-{551,16}] cores !

M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90}{127,51-{129,9}] °
Loop: THERMCHEM_M::CALC_SPECENTH_ALLFTS [{thermchem_m.pp.f90}{506,31-{512,8}]

M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90}{175,5}-{2 16,9}]

M Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90}{492,5}-{520,9}]

M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90}{782,5}-{790, 19}]

M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90}{630,5}-{656,19]]

W Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90}{96,31-{99,7}] MPI_Comm_compare() MPI_Wait()

I READWRITE_SAVEFILE_DATA [{io.pp.f90}{544,14}] RHSF [{rhsf.pp.f90}{1,121] WRITE_SAVEFILE [{io.pp.f90}{240,14} M other
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Relative Cbmparisohs (GTC, XT 3, DOE PERI) |

Total execution time
Timesteps per second
Relative efficiency

Relative efficiency per event
Relative speedup

Relative speedup per event
Group fraction of total
Runtime breakdown

O O aagaaaa

Correlate events with total
runtime

Relative efficiency per phase
Relative speedup per phase
0  Distribution visualizations

I

Data: GYRO on various architectures

http://tau.uoregon.edu

Total Time Breakdown for GTC_s on XT3

Fercentage of Total Time

25 50 75 100 125 150 175 200 225 250
Mumber of Frocessors

W CHARGE! [chargei FO03{1,12)] M POISSON Hpoisson FA03{L,120 W PUSHI Epushi FR0341,120  SETUP Hsetup_v2 Fao}41,124
SHIFTI [shifti FO0} {1,120 M SMOOTH [smooth FO0}{1,12}] & other

8686

TAU/PerfExplorer: Distributions of Significant Events

TAU/PerfExplorer: Significant (>2.0% of runtime) Event Histograms
275 4
250

225 24

%
&
S
=
= W 758 100 B8 8
e o PR3 58 %
% 2 7
N EE
F |! e i
- - L E
-

0.00 005 0.10 0.15 0.20 0.25 0.30 0.35 040 045 050 055 060 065 070 075 0.80 0.85 090 0.95 1.04
Percentiles

| M CHARGE [({chargei.F90} {1,12}] MMPI_Atreduce() M PUSHI [{pushifo0}{1,12}]  SHIFTI [{shifti.Fa0} {1,12}] |
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PerfExplorer — GYRO Relative Efficiency

D By experiment (B 1 _Std) ®06 Relative Efficiency by Event

Relative Efficiency by Event for gyro.B1-std:B1-std-nl2.cheetah.noaffnosng

1.05

O Total runtime (Cheetah (red)) e
0.90 “"“l-...“__“‘q_‘_-.ﬁ
0 By event for one experiment / /\"\\“““Rm M

O Coll tr (blue) 1s significant - \
0 By experiment for one event ! N
O Shows how Coll _tr behaves for all | :=
experiments

O Data generated by Pat V\/ Orley, v S0 TT26 50 75 100 125 150 175 200 225 250 275 300 325 350 275 400 425 450 475 500 521
/ MNumber of Processors

e 06 Relative Efficiency 06 Relative Efficiency for Event

W Coll @ Coll_tr 1o ML ML_tr ¥ extras = field lin_RHS

Relative Efficiency Cheetah Relative Efficiency for Coll_tr Col I_Tr'
1.0
11

08 " A\

- oo | \

:|.~ 0.8 /’P/

é :I:S ) "\.‘—___—‘\ = Lz .
0.4 \__.\_ E o8 \

16 processor ”-f \f\ \\

o / base case I | NN

5 2560 275 300 325 36 5 5 5 5 & 525
Number of Processors 0.1

9 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525
MNumber of Processors

W B1-std-nl2 cheetah.noaffnosng ® B1-std-nl2.phoenic0x002scr B1-std.cheetah.affnosng B1-std.phoenix.0x002scr
B1-ztd.zeaborg B1-ztd.ig
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PerfExplorer: Cross Experiment Analysis for 3

X! TAU: PerfExplorer Client
File Analysis Views Charts Visualization Help
] gvro.B3-gte HPM
[ Hsterogensous Simulation on utonil

@ Analysis Management | @ Cluster Results | @ Correlation Results | @ Custom Charts

Main Only | CallPaths | Log¥ | Scalability | Efficiency | WeakScaling | Horizontal
(] Heteragenous simulation on neurar Chart Title: . 5
5 Heterogenous simulation on neuror | [Torai Time in ML waig Total Time in MPI_Wait()
I KTAY Series Name/ Value:

[ LAMMPS (Large-scale Atomic Moled | [interval_eventname  |w| 520
3 Lammps on Neuronic SR 0
S m;ma ialthreads_of_execut.|w| 450
e X Axis Name: 450
Mumber of Processors
[CANPB2.2 LU/ ALC v 40
(£ NPB LU rcr. finl. gov TR o
[ NPE LU neuranic.nic. uaregon edu =
3 NPE LU on MCR parametric MEAXTsIName: i
eor [Total Rurtire - o
Dimension reduction:
1530 Gacquard) o o
(3530 (aguar, ORNL) 230
(7 Harness Sealing Stuch, Sa
i . g m
=P Metric % 300
P GET_TIME OF_DAY A2
5120 Units: E oo
17280 seconds ~| 2
3 4096p Event g=
3 6400p MPLWaitg v g
] 12000p 2 200
3530 (p655-3) .
[ SHAMRC
(7 simple_papi-DDYNAMIC_MATRDC Bonl 160
[ simple_papi-DSTATIC_MATRIC Reset 140
03 Simulation M CR fweak scaling) 1
CIMC2000 0
[ socorro_Si256_input
3 5Phot @
(=g 60
[ sweep3d 0
([ sweepad »
[ weep 20
[ sweep3D 0 1 8 6 si2 1728 4008 400
3 vimah
5 wer Number of Processors
e i = MPL_Wait)

X/ TAU/PerfExplorer: Relative Efficiency for Event
FEile Help

Relative Efficiency for Loop: TRANSPORT _M::COMPUTESPECIESDIFFFLUX

[imixavg_transport_m.pp.f90} {630,5}-{656,19}]:GET_TIME_OF_DAY
105

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
060
0.55

Value

050
0.45
0.40
035
030
025
0.20
015
010
0.05
0.00
0 1,000 2,000 3,000 4,000 5,000 6000 7,000 8000 9,000 10,000 11,000
MNumber of Frocessors

= Harness scaling Study
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12000

12,000

X| TAU/PerfExplorer: MPI Time / Total Runtime
File Help

MPI Time / Total Runtime — S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

0.24

Fraction

0.03
0.02
0.01

0.00
o 1,000 2,000 3,000 4,000 5,000 5,000 7,000 8,000 9,000 10,000 11,000 12,000

Mumber of Processors

= Harness Scaling Study

X| TAU/PerfExplorer: Relative Speedup
File Help

Relative Speedup - S3D (Jaguar, ORNL)
GET_TIME_OF_DAY

Harness Scaling Study:

12,000
11,000
10,000
9,000
8,000
7,000

Value

5,000
5,000
4,000
3,000
2,000

1,000

0
0 1,000 2,000 3,000 4,000 5000 6,000 7,000 8000 9,000 10,000 11,000 12,000

Number of Processors

W Harness Scaling Study @ ideal
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Correlation Analysis

eOe PerfExplorer Client
File Analysis Views Charts Visualization Help
Performance Data @ Analysis Management @ Cluster Results @ Correlation Results |
¥ ./ Database Profiles
> AVUS 1.00 . 1.00 100 = 1.00 "F . 100 g I 100§ 1.0ff)
S BigScience 0.75 / 075 | mm . 075 L 0.75 075 0.75 l. = 0748
-
> | CFDSHIP 0501{ o 050{" ¥ w | 050]s !&: 0.50 oso |, Wa 050  J Rww | 0sff
v FLASH_2.5 _hydro_radiation 0.25 f 025{ " 'p' 025, & 025 ‘I’I 025 !i :xzs'.' 0.2§1
n
¥ ' UNL_UBGL 0.00 * 0.00 +-=* 0.00 - 0 33 0.00 0,00 F—m 0.0
00 65 10 00 05 10 80 05 19 o 05 10 00 05 10 00 05 1.0
v 0064
> @ Time 100 | ™. 1.00 100 (W 100 g 100 1.00 "y 10
> 00124 075 | A o 0.75 / o7 075 | o 0.75 075 y.’ o7
Ll
- 0256 050 g '. 0.50 050 a 050 0.50 . 0.50 - 0.5
» 10512 0251 ® = 325/ 0.25 - 025 \ 025 t 025 L o 0
0.00 — 0.00 000 . 0.00 0.00 0,00 - 0.0}
v 1024 00 05 10 00 05 10 00 05 190 00 05 10 00 05 10 00 05 10 :
> @ Time —
> | ) LAMMPS (Large-scale Atomic Molecular M 1001 o= el Py 100 0 sage 100 ™ g sl B 1.0
» | 7 Miranda 0.75 L. " 0.75 { g% 0.75 075 | w %y 075 | KR 7 075 | e 7
0.50 0.50 050 0.50 ki 0.50 50 ) 050 =
» | 1 POP T wes i - 0. |f- ° y 2
> | J SHAMRC 025 | gl 1 off
0.00 +-memm— 0.0ff
> |} SMG2000 00 05 1 S I I b 05 10 i
> |3 sPhot —_— trong negatlve inear correlation between | |
r Uintah - 180 ‘ !
> i3 wee .-'-1 CALC_CUT_BLOCK_ CONTRIBUTIONS |
> | bacc_app 3:” o }\'. £
i gyro.B1-std 025 : d M PI B L :
. 0.00 0.0
» |7 gyro.B1-std.HPM 00 05 1 an arrler 05 1.0 !
L4 — e
=
s
S
e
=

gyro.B2-cy :
gyro.B2 ~-cy. HPM 1.00 ] 1.00 1.00 100 (g 100 ¢ 1.048
) ' 0.76 ! 0.75 0.75 - 0.75 *, 0.7
gyro.83-guc 0.50 0.60 0.50 0.50 { ge 0501 % 0.6
gyro.B3-gtc. HPM i
. 0.25 0.26 0.25 0.25 0.25 » 0.2
5 LL
0.00 0.00 0.00 0.00 » 0.00 e 0.0
socorro Si256_ input 00 05 1.0 00 05 1.0 00 05 1.0 00 05 1.0 00 05 1.0
> 1 Views 1.0 00 0 1.0 1 " 1
0 1 1.00 0 00 . o
0756 -* 075 0.75 .75 " - 0.7% \.t 0.7
r NETE, N .
050 050 0.50 0.60 r 0601 = 05
0.26 026 0.25 026 § 02s W 0.2
) L
0.00 0.00 0.00 0.00 ==t 0.00 - ® 0.0
00 05 1.0 00 05 1.0 00 05 1.0 00 05 1.0 00 05 1.0
- 1.00 1.00 .l 1.00 1
0.75 0.75 Py 0.78 0.7 v
> VT ————— e ] <
) “»

Data: FLASH on BGL(LLNL), 64 nodes
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PerfExplorer v2 — Requirements and Features

0 Component-based analysis process
O Analysis operations implemented as modules
O Linked together 1n analysis process and workflow
3 Scripting
O Provides process/workflow development and automation
0 Metadata input, management, and access
O Inference engine
O Reasoning about causes of performance phenomena
O Analysis knowledge captured in expert rules
O Persistence of intermediate results
3 Provenance
O Provides historical record of analysis results
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PerfExplorer v2: Architecture and Interaction

Analysis Components

Scripting Interface

PerfExplorer Component Interfaces

Data Components

http://tau.uoregon.edu

Interaction
workflow

. 12 Compone
£

Performance Gtatistical Analysis
Data
I e

KMetadata

Data Mining

Inference Enging
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TAU Integration with IDEs

0 High performance software development environments
O Tools may be complicated to use
O Interfaces and mechanisms differ between platforms / OS
0 Integrated development environments
O Consistent development environment
O Numerous enhancements to development process
O Standard 1n industrial software development
0 Integrated performance analysis
O Tools limited to single platform or programming language
O Rarely compatible with 3rd party analysis tools
O Little or no support for parallel projects
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TAU and Eclipse

0 Provide an interface for configuring TAU’s automatic
instrumentation within Eclipse’s build system

0 Manage runtime configuration settings and environment
variables for execution of TAU instrumented programs

Add or modify
C/.C ++./Fortr.an —  an Eclipse build  [—» Temp oraty copy
Project in Eclipse configuration w/ TAU of 1nstrumfnted code
TAU instrumented || Compilation/linking
libraries with TAU libraries

Performance . Program

data execution

Program

output
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’ ’ ’ ’ ’ ’
! ! ! ! !
666 %] Fortran - matmult.f90 - Eclipse SDK
File  Edit Refactor Mavigate Search Pmoject Run  Window  Help
| 3~ | B [ g5y O Qv Qv |Fv 680 B | ® & |Ev |[8iv T o &v Do = | Fotan| &' jaa
fg Fonrn Piojects 52 Navigator = 8 [F matmuhfoo 53 = O || g= outline 53 Make .. | =08
A K 2 B R e ¥
= 125 matmultiply “  initialize
b ?Emanes subroutine initialize(a, b, n) - muliply_matrices
B (includes double precision a(n,n) z ) main
[ (= .settings l_iDllblE precision bin,n)
integer n
[ (= Debug_ia32 —
b (= Debug_ia32i@u-icpc-mpi-pdt) | first initialize the A matrix
doi=1,
s,
|5 cdtbuild a(ji) =1
=] cdtpmject end do
project
= nmfile.0.0.0 | then initialize the B matrix
£l ot doi=1n
=] profile. 1.0.0 doj=1,n
= profile.2.0.0 b(j i) =1
o end do
=] pmofie.3.0.0 end do
end subroutine initialize
subroutine multiply_matrices(answer, buffer, b, matsize)
double precision buffer(matsize), answer(matsize)
double precision bimatsize, matsize)
integer i, j
I multiply the row with the colum -
b4
[+] % [*]
Problems Cnnsnle|Pmperties(-‘;:-memm:mce Data Manager 232 Launch PamPmof gn = ~ T 0O
PerfDMF I» [=-AORSAID
= matmulbiphy
=~ [~ Experiment
EWE New Trial: 2006-12-02 20:
B =mm
I [=ring
| o® |[[alo = e !
. P
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Choosing PAPI Counters with TAU’s in Eclipse

[ Profile _1
Create, manage, and run configurations Counter Definition T
Create a configuration to launch a program to be instrumented and profiled by TAU. PAPI_L1_DCM Level 1 data cache misses

PAPI_L1_ICM Level 1 instruction cache misses
s lE= A= }:D., - PAPI_L2_DCM Level 2 data cache misses
Name: |lammps-10NovO5withTAU PAPI_L2_ICM Level 2 instruction cache misses
= I Main | = Arguments | P8 Environment 8= Parallel [ 7 FNEIETN ™ PAPI_L1_TCM Level 1 cache misses
[E]C/C++ Local Applic — PAPI_L2_TCM Level 2 cache misses
- 8 L PAPI Counters . . . .
= Parallel Application MPI PAPI_FPU_IDL Cycles floating point units are idle
ov( O] Callpath Pr Select the PAPI counters to use with TAU PAPI_TLE_DM Data translation lookaside buffer misses
[] Phase Basd PAPI_L1 DCM PAPI_TLB_IM Instruction translation lookaside buffer misses
PAPI_TLE_TL Total translation lookaside buffer misses
[ Memory Prc LIPAPI_LI_ICM .
) PAPIL2_DCM PAPI_L1_LDM Level 1 load misses
U ‘:]P“P" O PAPLL2ICM PAPI_L1_STM Level 1 store misses
L] OpenMP [ PAPILL TCM PAPI_L2_LDM Level 2 load misses
[ Epilog CPAPLL2_TCM PAPI_L2_STM Level 2 store misses
PAPI ] PAPL_FPU_IDL b PAPI_STLICY Cycles with no instruction issue
[ Perfiib ] PAPLTLB_DM PAPI_HW_INT Hardware interrupts
O Trace ] PAPLTLE_IM PAPI_BR_TKN Conditional branch instructions taken
. ] PAPLTLBTL PAPI_BR_MSP Conditional branch instructions mispredicted
Select Makefile [ PAPLL1_LDM PAPI_TOT_INS Instructions completed
. CIPAPI L1 STM |Z| PAPI_FP_INS Floating point instructions
Selective Instru : i PAPI_BR_INS Branch instructions L
@ None Select All | | Deselect Al | |c ounter Descriptions | PAPI_VEC_INS Vector/SIMD instructions
) Internal PAPI_RES_STL Cycles stalled on any resource
() User Define| | oK | | Cancel | PAPI_TOT_CYC Total cycles
—| PAPI_L1_DCH Level 1 data cache hits
Ee
PAPI_L2_DCH Level 2 data cache hits
e B ‘ Apply ‘ | Revert | PAPI_L1_DCA Level 1 data cache accesses
PAPI_L2_DCA Level 2 data cache accesses
. - PAPI_L2_DCR Level 2 data cache reads
2) | Profile | | Close | ]
PAPI_L2_DCW Level 2 data cache writes
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TAU Eclipse Plug-In Features

3 Performance data collection

O Graphical selection of TAU stub makefiles and compiler options

O Automatic instrumentation, compilation and execution of target C, C++ or
Fortran projects

O Selective instrumentation via source editor and source outline views

O Full integration with the Parallel Tools Platform (PTP) parallel launch
system for performance data collection from parallel jobs launched within
Eclipse

0 Performance data management

O Automatically place profile output in a PerfDMF database or upload to
TAU-Portal

O Launch ParaProf on profile data collected in Eclipse, with performance
counters linked back to the Eclipse source editor
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TAU Portal

a3 Web-based access to TAU %TAU Portal
3 Support collaborative performance study

O Secure performance data sharing
O Does not require TAU 1nstallation

O Launch TAU performance tools with Java WebStart
> ParaProf, PerfExplorer

0 FLASH regression testing
O Nightly regression testcases
O Uploaded to the database automatically
O Interactive review of performance through TAU portal
O Multi-experiment analysis
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?’:Pﬁrtal ']Yightly Ifeﬂbrmallt:?,Refgressian T es!t'ﬂg

Flash Regression

$ B B »

Welcome to Your workspace, actions you can take are listed on the left sidebar.

A L L L R L I I L L L I L L L G
W00 BT 0 0B 080 0 00N N 08 B %
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iy

" ) 2

al: Launch ParaProf/Pe

TAU Portal: edit

H BB ®

2007-10-14
Time 2007 7 | October 3 [ 14 3
Number of Nodes 4
Contexts per Node 1
Threads per Context 1
Compiler
CPU Cores 2
CPU MHz 2992.504
CPU Type Intel(R) Xeon(R) CPU 5160
‘CPU Vendor Genuinelntel
CwWD JSmnt/netapp/home/users
Cache Size 4006 KB
Executable /mnt/netapp/home/users
Hostname sigma.cs.uoregon.edu
Local Time

2007-10-14T00:17:28-0

MPI Processor Name

sigma.cs.uoregon.edu

o G I I I I s I I L )
L ER CRRRE e e R R, It Rk TR R R R RRE TR R R R e, g )

Memory Size 4040776 kB

Node Name sigma.cs.uoregon.edu
08 Machine xB86_64

0S5 Name Linux

05 Release 2.6.9-55.0.9.ELsmp
0S8 Version

#1 SMP Thu Sep 27 18:28:

TAU Architecture

http://tau.uoregon.edu

»86_64
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TAU

Trial Edit

This is the page where you can view and edit TAU
profiles. The table show all the metadata associated with
this trial; you may edit any of the attributes by click on its
wvalue. You may also creale new atiributes by clicking on
the --New atiribute--I--New value-- figld.

Here is some information about the actions you can take
on this page:
Table

@C\ick to downiload the profile file in PPK format.

-Iais This will lanuch TAU's paraprof profile

vigwer.
ec\ick to remove this profile from the workspace.

Sldebar

The Left sidebar help you manage the content of each
workspace. At the top are the links to view/edit the
workspace description, or its members. Next the sidebar
list all the performance data in the workspace. The
profiles are grouped by experiment (create a new

experiment using the besides the 'Performance
Data’ heading). With each experiment you can add new
profies, or remove it from the workspace. For each
profile you can click its name to view the details,
download the porfile, or remove it from the workspace.

Click here to lanuch TAU's
and vi allthe

Expl i
proformance data in this workspace.

eThis button will add a another object (of the kind
written to the left) to the workspace.

QC\EKII’Q here will download the profile, file, or image.

eTnis will remove the profile, experiment, file, or image
from the workspace.

Header

OYou may return to your homepage at any time by
using this button.

O Click here to edit any of your user attributes that you
specified when signing up of the TAL portal.

6 Logout by using this button (do this if you want
awitch user).
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PerfExplorer: Regression Testing

TAU: PerfExplorer Client

¥ Performance Data
> jdbcmysql:/ jwww.paratools.com:3306 /paratool_tau
> jdbo:mysqgl:f/icl.cs.utk.edu:3306/perfdmf
¥ jdbcmysgl:/ fwww.nic.uoregon.edu:3306/Flash_Regression_production

¥ .7 Portal

April 2007

August 2007

July 2007

June 2007

March 2007

May 2007

October 2007

September 2007

> Views

Y YYYYYYY

http://tau.uoregon.edu

! @ Analysis Management =~ @ Cluster Results =~ @ Correlation Results =~ @ Custom Charts -

{Main Only ) ( Call Paths ) ( Log¥ ) ( Scalability ) ("Efficiency ) ( Strong Scaling ) ( Horizontal )
Chart Title:

Time
Series Name/Value: o
experiment.name 0|
) X Axis Value: o 75
trial XML_METADATA &
X Axis Name: 70
Y Axis Value: 65
mean.inclusive :)
Y Axis Name: " &
o
&
Dimension reduction: § &3
Mone o -
o
Cutoff (0<x<100) £ .
5 45
. Metric: - g
Time : 4an
Units:
seconds = ] 35
Event:
a 30
XML Field: LM
" - ) 25 -
UTC Time -
.”ﬁ". 20 Ty
\__Apply
(" Reset )
et UTC Time

® April 2007 ® August 2007 & July 2007 June 2007 May 2007 ¥ October 2007 September 2007
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PerfExplorer: Limiting Events (> 3% ), Oct 2007

TAU: PerfExplorer Client

¥ Performance Data
> jdbomysql:/ fwww.paratools.com:3306 /paratool_tau
L g jdbc:mysqgl:/ ficl.cs.utk.edu:3306 /perfdmf
¥ | jdbcmysgl:/ /www.nic.uoregon.edu:3306/Flash_Regression_production
¥ .7 Portal
April 2007
August 2007
July 2007
June 2007
March 2007
May 2007
October 2007
2007-10-12
2007-10-12
2007-10-01
2007-10-02
2007-10-03
2007-10-04
2007-10-05
2007-10-06
2007-10-07
2007-10-08
2007-10-09
2007-10-10
2007-10-11
2007-10-13
2007-10-14
L Seprember 2007
L g Views

4 Y YYYYY

Y Y YYYYYYYYYYVYVYY!
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i Analysis Management

@ Cluster Results @ Correlation Results =~ @ Custom Charts

(Main Only ) ( Call Paths ) ( Log ¥ ) ( Scalability ) ( Efficiency ) Strong Scaling ) ( Horizontal )

Chart Title:

Series Name/Value:
'-inlerval_evenl.name Tl
X Axis Value:

“trial XML_METADATA 3 |

X Axis Name:

Y Axis Value:
mean.exclusive v
Y Axis Name:

Dimension reduction:

~ " Over X Percent T'

Cutoff (0<x<100):

3
Metric:

“Time ]
Units:

“seconds ]
Event:

"All Events ]
XML Field:

"UTC Time 3
(" Apply )
(" Reset )

TAU

Mean Time - seconds

=0 S_WRAPPED [{Eos_wrapped.F90} {89, 1}-1267, 26}

Time
— ——
1
S

20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20... 20..
UTC Time

® CRID_GETDELTAS [{Grid_getDeltas F30} {24,1:-{38,28}]
4 GRID_GETSINGLECELLVOL [{Grid_getSingleCellVol F503{62,1:-{137,36}] ~ HYDRO_1D [{hydro_1d.FS0}{155,1}-{664,25}

HY_BLOCK [{hy_block.FS0H111,1}-{708,23] ¥ INTRFC [{intrfcFS0:{111,3}-{338,21} -~ MPI_Allreducel) -~ MPI_Barrier) ¥ MPI_Ssend(}
< RIEMAN [frieman.F0 {90, 1:-{480,211 ™ STATES [{states.F20}{107,1}-{625,21}]
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PerfExplorer: Exclusive Time for Events (2007)

TAU: PerfExplorer Client

¥ Performance Data
> jdbc:mysqgl:f fwww.paratools.com:3306/paratool_tau
L g jdbemysgl:/ ficl.cs.utk.edu:3306/perfdmf
¥ | jdbcmysgl:f fwww.nic.uoregon.edu:3306 /Flash_Regression_production

¥ .7 Portal

April 2007

August 2007

July 2007

June 2007

March 2007

May 2007

October 2007

September 2007

L g Views

YYYYYYYY

http://tau.uoregon.edu

@ Analysis Management @ Cluster Results @ Correlation Results @ Custom Charts -

( Main Only ) (call Paths ) ( Log ¥ ) € Scalability ) € Efficiency ) € Strong Scaling ) ( Horizontal )

Chart Title: .
Time
Series Name/Value: 19
interval_event.name ] =
X Axis Value: o
rial XML_METADATA 3]
X Axis Name: i
. 14
Y Axis Value:
r . 13
mean.exclusive o =
: S12
Y Axis Name: S
L
an
1
Dimension reduction: g 10
Over X Percent 2] £ 9
=
Cutoff (0<x<100): g
3 =
Metric: 6
Time ] 5
Units: 4
seconds 4] 3
Event: 2
r ol LIS g M1
All Events v 1 .
e R
XML Field: (]
"UTC Time :]
hd UTC Time
( Apply ) " T " - " " -
T B EDS_WRAPPED [{Eos_wrapped.Fo0} {89,1}-1267,26] ® GRID_GETDELTAS [{Grid_getDeltas.Fo0} {24, 1}-{38,28)
ereseral A GRID_GETSINGLECELLWOL [{Grid_getSingleCellVel.FO0} {62,1}-1137,36}]  HYDRO_1D Hhydro_1d.F90} {155,1}-{657,251
—_— HYDRO_1D [{hydro_1d.F90} {155,1}-1664,25] ¥ HY_BLOCK [{hy_block.F90}{111,13-{709,23] = INTRFC [fintrfc.Fo0} {111,3}-{338,21}

MPI_Allreduce) * MPI_Barrier) < MPI_Bcast) ® MPI_Ssend( ® MPI_Waitalll * RIEMAN [{rieman.FO0}{90,1:-{480,21}
*+ STATES [{states.F20}{107,1}-1625,21}
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Full System Performance: the KTAU Project

0 Trend toward extremely large scales

O System-level influences are increasingly dominant
performance bottleneck contributors

O Application sensitivity at scale to the system
O Complex I/0 path and subsystems another example
O Isolating system-level factors non-trivial

3 OS Kernel instrumentation and measurement 1s
important to understanding system-level influences

0 How to correlate application and OS performance? Z
0 KTAU /TAU (Part of the ANL/UO ZeptoOS Project)

A. Nataraj, A. Malony, S. Shende, and A. Morris, “Kernel-level Measurement for
Integrated Performance Views: the KTAU Project,” Cluster 2006.
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KTAU System Architecture

KTAU
Instrumentation

Y
KTAU
Measurement
System

mmm task lock
mm global lock

Kernel

Kernel memory space User memory space
KTAU data KTAU data

S

S

N E—

<KEU Linux kernel ) ’ ‘/ User Apphcatlili /
— libktau /jproc
interface

http://tau.uoregon.edu

( KTAU User API )—

User

TAU

KTAU Proc Interface

inter context access

local context access

/proc/ktau/frace
/proc/ktau/profile

A ?

User
.. Daemon
Application

Kernel memory space

User memory space

KTAU data

KTAU
metrics

<KTAU Linux kernel I / User Application

llbktdll metrlc
interface

r____h_-‘“‘“-m_

"

/
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Applying KTAUF+TAU

0 How does real OS-noise affect real applications?
O Requires OS + application performance measurement

O Estimate application slowdown due to noise components
> Interrupts and scheduling are significant

A. Nataraj, A. Morris, A. Malony, M. Sottile, and P. Beckman, “The Ghost in the
Machine: Observing the Effects of Kernel Operation on Parallel Application
Performance,” SC’07. Wednesday, 10:30-12:00.

0 Performance of multi-layered I/O systems

O Requires measurement and analysis of multi-component
I/O subsystems in system

O Tracking of I/O “long path” and assignment to application
O Working with Argonne on PVFS2

http://tau.uoregon.edu TAU 121



TAU Monitoring

0 Runtime access to parallel performance data

0 Monitoring modes
O Offline / Post-mortem observation and analysis
> least requirements for a specialized transport

O Online observation
» long running applications, especially at scale
» Dumping snapshots to file-system can be suboptimal

O Online observation with feedback into application
0 TAUoverSupermon (Sottile and Minnich, LANL)

A. Nataraj, M. Sottile, A. Morris, A. Malony, and S. Shende, “TAUoverSupermon: Low-
overhead Online Parallel Performance Monitoring,” Euro-Par 2007.

0 TAUoverMRNET (Arnold and Miller, UWisconsin)
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Project Affiliations (selected)

0 Lawrence Livermore National Lab
O Hydrodynamics (Miranda), radiation diffusion (KULL)
O Open Trace Format (OTF) implementation on BG/L
0 Lawrence Berkeley National Lab
O ACTS Toolkit
0 Argonne National Lab
O ZeptoOS project and KTAU
O Astrophysical thermonuclear flashes (Flash)

0 Center for Simulation of Accidental Fires and Explosion

O University of Utah, ASCI ASAP Center, C-SAFE

O Uintah Computational Framework (UCF)
0 Oak Ridge National Lab

O Contribution to the Joule Report/PERI for S3D, GYRO, AORSA3D
0 NASA Goddard Space Flight Center, NASA Ames

O GEOS/GCM, modelE, ...

http://tau.uoregon.edu TAU 123



Project Affiliations (continued)

0 Sandia National Lab
O Simulation of turbulent reactive flows (S3D)
O Combustion code (CFRFS)

0 Los Alamos National Lab
O Monte Carlo transport (MCNP)
O SAIC’s Adaptive Grid Eulerian (SAGE, RAGE)
O pertlib integration (Jeff Brown)

O CCSM /| ESMF /| WRF climate/earth/weather simulation
O NSF, NOAA, DOE, NASA, ...

0 Common component architecture (CCA) integration
0 Performance Engineering Research Institute (PERI)
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Concluding Discussion

0J Performance tools must be used effectively

0 More intelligent performance systems for productive use
O Evolve to application-specific performance technology
O Deal with scale by “full range” performance exploration
O Autonomic and integrated tools
O Knowledge-based and knowledge-driven process

0 Performance observation methods do not necessarily
need to change in a fundamental sense

O More automatically controlled and efficiently use
0 Develop next-generation tools and deliver to community
03 Open source with support by ParaTools, Inc.
O http://tau.uoregon.edu
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